OOCQBBHT 9BSSBB 



BO 193 067 



SB 032 970 



liQTBOB 



IHSTITOTICH 



SPOHS iGIBCT 
POe DATE 
COBTBiCT 

»OIB_ 



EDBS PBICI 
DESCBIETOBS 



HcPhersOD, «icha«l S. , Ed. 
Th« D«iand for B«n Pacolty Id science and 
iDgiDeering* Ptocecdings of th« Horkshop of 
Specialists in Forecasts of Deaand for Scientists and 
Engineers, 1979* 

Bational icadesy of Sciences * Bationai. Besearch 
council, Hashitiqton, D.C. Cossission on auaan 
Besoarces* 

Bational Science Povidation, Hashington, D.C. 
BO 

SBS-79-13501 

257p.: Bot available in hard cop; due to copyright 
restrictions. 

Cossission on Basan Besoarces, Bation&l icadeay of 
Sciences, 2100 Constitution Ave., B.i., Hashington, 
DC 20418 (no price qaotedl* 

HP01 Plus postage. PC BOt Available frcs £DBS* 
*College Facalty: Engiseering: Engineering Education: 
*£ngineers: *Iabor Cesands: BOdeXs: *Predicticn: 
Science Education: *Scientists 



iBSTBiCT 

Presented are selected analytical papers ftos a 
8ork8hO( cf Specialists in Forecasts of Desand for Scientists and 
Engineers, convened in 1979 in iashington, D.C* Ihis iiorJtshOF was 
part of a study by the Cossission on Busan Besources of the Bational 
Besearch Council charged with evaluating eiistiag projections of the 
desand fcr young faculty in the various fields of science and 
engineering, assessing the potential daaage to the research 
enterprise that sight result fros declines in the representation of 
youtig persons on science and engineering faculties, and recosaending 
to the BSP and other federal agencies appropriate policies tc 
counteract such daaaging effects* Topics of papers in this volune 
include an exaaination of alternative approaches to aodeXing the 
deaand for faculty, an analysis of the deaand of faculty in specific 
fields of science and engineering, a critical revieii of the 
literature on age and scientific productivity, and an overview of 
issues raised in the voluae and an ass€8saent of the present state of 
understanding cf those issues* (Authoi/CSl 



iRIC 



• BeprodQctions supplied by EDBS are the best that can be aade * 
^ froa the original docnaent. * 



THE OENANO TOR NEW TACUITY IN 
SCIENCE ANO ENGINEERING 



Proceedings of the Workshop of Special tsts 
in Forecasts of Demand for Scientists 
and Engineers, I979 

Conmilsslon on Human Resources 
National Research Councir 

edited by 
Hichael S, HcPhers<Hi 



NATIONAL ACADEMY Or SCIENCES 
WASHINGTON. D.C. I98O 



ERIC 



3 



SEP 2 y \m 



NOTICE: The project that fs the subject of this report was approved by 
the Governfng Board of the National Research Council, whose members are 
drawn from the Councils of the National Academy of Sciences, the National 
Academy of Engineering, and the Institute of Hedlclne. The participants 
In the Workshop responsible for the report were chosen for their special 
competences and with regard for appropriate balance. 

This report has been reviewed by a group other than the authors according 
to procedures approved by a Report Review Committee consisting of members 
of the National Academy of Sciences, the National Academy of Engineering, 
and the Institute of Medicine. 



The work on which this publication Is based was performed pursuant to 
Contract No. SRS79-I350I with the National Science Foundation. 



Aval lable from: 

Commission on Human Resources 
National Academy of Sciences 
2100 Constitution Avenue, N.W. 
Washington, DX. 20418 



Printed If) the United States of America 



PREFACE 



Th« Committee on Continuity In Academic Research Performance of the 
National Research Counclt evaluated the potential Impact of reduced 
hiring of new faculty on the vitality of academic research In science 
and engineering* The parameters Influencing entry to and exit from 
research careers and factors Influencing vitality and change In research 
performance were exmlned. The Connlttee's report '^Research Excettence 
Through the Year 2000" was strongly Influenced by early access to papers 
and discussions presented In a workshop of experts In Ph.D. labor market 
forecasting and analyses conducted by Comnlttee members In the course of 
their work. 

I am pleased that these contributors have made available the papers 
presented here. These papers will aid users of the Committee report In 
Implementing or extending Its findings. They should be useful as well 
In encouraging further research on f^roblems of labor market forecasting 
and science productivity. 

Robert H. Bock 

Dean of the Graduate School 

University of Wisconsin * Hadlson 

Chairman 

Committee on Continuity In 
Academic Research Performanc^e 
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CHAPTER I 



INTRODUCTION 

Michael S. HcPherson 
Uiniams College 

The challenge of matntatntng and strengthening the American research 
enterprise tn an era of low or no growth In student populations and tight 
research funding has become a major preoccupation of scholars and policy 
makers Concerned with American science and engineering* Among the worries 
Is the potential danger that restrictions on the capacity of universities 
and colleges to hire new faculty may choke off an Important source of 
vitality and creativity tn the academic research enterprise* There Is 
clear evidence, as shown fn Figures 1*1 and 1*2, that significant declines 
In the representation of *Vecent'* Ph*D*'s (within seven years of the 
degree) on university faculties In a number of science and engineering 
fields have already occurred* The Prospect of low or no 9rowth In the 
higher education system coupled with unusually low retirement rates over 
the next ten years has led many observers to expect these trends to 
continue and worsen* 

As part of Its continuing effort to monitor and evaluate this potential 
problem^ the National Science Foundation In early 1979 asked the National 
Academy of Sciences to undertake a study of future demand for faculty, and 
the potential consequences for research effectiveness of further declines 
In hiring rates* In response to this request* the Commission on Human 
Resources of the National Research Council called together the Committee on 
Continuity In Academic Research Performance, chaired by Dr* Robert H* Bock, 
to perform the stLjdy* The Committee was charged with evaluating existing 
projections of the demand for young faculty In the various fields of science 
and engineering, with assessing the potential damage (if any) to the research 
enterprise that might result from declines In the representation of young 
persons on science and engineering faculties, and with recommending to the 
NSF and other federal agencies appropriate policies to counteract such 
damaging effects as were anticipated* 
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TREHOS IN PROPORTION OF YOUNG DOCTORATES AMONG FUU-TIME FACULTY 
IN SELECTED SCIENCE AND ENGINEERING DEPARTMENTS 
SPRING* 1968-WINTER, 1977-78 
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FIGURE K2 

PERCEMT DF TOTAL DOCTORAL FACULTY IN 1973. 1975. and 1977 WHO HAVE EARNED THEIR DDCTDRATES 

IN THE PRECEDING SEVEN YEARS 
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The Committee concluded that substantfa) declines In the rate of 
htrtng of new faculty were qu^Ite Ukely In some science and engineering 
fields and that such declines, ff allowed to occur, might seriously Im- 
pair the effectiveness of the academic research effort In those fields* 
The Cotnnlttee recommended that the National Science Foundation combat 
this problem by tnftfatfng a program of ^'Research Excellence Awards'^ 
In selected fields* These would be ffve-year, nonrenewable awards to 
tenured or non*tenured faculty members nominated by their departments* 
The awards would provide partial salary support to award recipients, with 
the university funds thereby released to be directed to the hiring of 
additional new faculty In the recipient's department. A full account of 
the Committee's analysis and recommendations can be found In Its report, 
Research Excellence Through the Year 2000: The Importance of Haintaininq 
A Flow of Mew Faculty into Academic Research , 

In the course of Its work* the Committee asked a number of experts in 
relevant fields to provide papers bearing on its concerns* Hany of these 
papers were first presented at a Workshop of Specialists In Forecasts of 
Demand for Scientists and Engineers, which was convened by the Conmlttee 
on April 30-Hay I, 1979 in Washington, D*C, Other analytical papers were 
prepared later at the Committee's request, some authored by workshop par- 
ticipants and others by committee members. 

The present volume makes a selection of these analytical papers more 
widely available* The papers not only provide important analytical back- 
ground for the analysts of policies toward academic research personnel, but 
also make Important and original contributions to the analysis of faculty 
labor markets. A major reason for making them available Is the hope that 
they will help encourage further research on this Important and difficult 
range of problems. 

The early papers in the volume focus on alternative approaches to 
modeling the demand for faculty. The papers by Charlotte Kuh and Roy Radner 
and by the National Science Foundation represent attempts by the respective 
authors to extend thetr well-known earlier projection studies to focus more 
explicitly on the demand for new faculty In science and engineering. The 
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Kuh-Radner results seem to point to a somewhat larger decline in academic 
htrtng opportuntttes in science and engineering than do the NSr results* 
and the two papers both make attempts to account for this difference* 
These accounts are, however* themselves somewhat hard to reconcile, and 
Donald Hernandez in chapter IV provides an instructive comparison of the 
structure of the two nnxlels, and a helpful methodological analysis of 
the problems encountered In attempting to arrive at a conclusive ex* 
planatlon for differences In the projection results* 

In chapter V, Richard Treeman Introduces another Important set of 
modeling Issues, by attempting to demonstrate econometrical ly the impor- 
tance of accounting for the responses of Individuals and Institutions 
to economic incentives In modeling the market for college faculty* The 
paper breaks new ground, especially In Its analysis of the responses of 
^not-for-profit Institutions to economic Incentives* 

Chapters VI and VII turn from general Issues la the modeling of 
faculty demand to analysis of demand for faculty in specific fields of 
science and engineering* Lee Grodzlns' paper extends his earlier writings 
on the job, situation In physics by developing a long-term model of the 
demand for physics faculty and by analyzing the expected effects of govern* 
ment programs designed to Increase the demand for faculty* As In his other 
work, Grodzins' paper combines the employment of an unusually rich data 
base with the use of the simplest possible modeling framework* Charlotte 
Kuh's paper reports on the application of the basic Radner-Kuh model of 
faculty demand to data for the several broad fields of science and engineer* 
Ing* The results confirm the familiar Radner-Kuh projection of a signifi- 
cant shortage of openings for new faculty, but with some interesting and 
thought provoking surprises* These early results on projections for specific 
fields are likely to stimulate considerable controversy and further research 
efforts* 

* 

Barbara Reskln's critical review of the literature on age and scientific 
productivity In chapter VIII moves the focus from discussion of projected 
numbers of young faculty In science and engineering to assessment of the 
significance for scientific research of a changing age distribution of 
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researchers. Her survey indicates that, contrary to popular myth, youth 
per se [s not strongly correlated with available measures of productivity 
for individual scientists. If a flow of new faculty matters to science 
productivity, it apparently is not because *^oung** scientists are in* 
herently better than "old" scientists. It is more likely that the hiring 
of young faculty has served as a vehicle for the Infusion of new ideas, 
techniques and research directions Into academic departments* and as the 
occasion for departments to revise their staffing in light of changes In 
research interests and needs. This diagnosis differs Importantly from one 
which puts the emphasis on youth as such, and points to rather different 
pol Icy Implications. 

The concluding chapter by Fred Balderston and Michael HcPherson offers 
an overview of the issues raised In the volume and an assessment of the 
present state of our understanding of those issues. Drawing heavily on 
the discussion at the Forecasting Workshop, the paper identifies areas 
needing further research and discusses the implications for intelligent 
policy making of the limitations on our present knowledge. 
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CHAPTER It 



NATIONAL SCIENCE FOUNDATION NOOELS 
OF THE FLOWS OF ACADEMIC PERSONNEL 



OWtston of Science Resources Studies 
National Science Fotmdatlon 

Since 1968 the Nattonal Science Founilatton (NSF) has monitored the 
level of representation of younger scientists and engineers on the facul* 
ties of universities and colleges. A succession of Foundation surveys has 
recorded an unbroken dOMnward trend in the proportion of science and engi* 
neering doctoral faculty who have held their degrees for seven years or 

less (National Science Foundation* 1968. |97S; Atelsek and Gomber^* \97^ 

iV9)M Projections made by Roy Radner and Charlotte Kuh Indicate further 
declines In the proportion of younger faculty through 1990 (Radner and Kuh» 
1978)* The Foundation took two steps to evaluate the Radner*Kuh and related 
forecasts and to determine whether ameliorative federal actions are needed 
to Increase the ntmiber of younger faculty. The first was to have Its own 
staff project the future representation of younger science doctorates tn 
academla* The second Involved requesting the National Academy of Sciences 
to study the broad policy Issue of the role of younger scientists and 
engineers and to recommend whatever federal programs might be needed to 
ensure an adequate level of employment of younger faculty* This request led 
to the creation of the CcMinittee on Continuity In Academic Research Per* 
formance and to the convening of the Workshop of Specialists In Forecasts of 
Demand for Scientists and Engineers. This short paper describes the pro^ 
jection activities of NSF staff, 

I* Projections Reported at the Workshop of Specialists in 
Forecasts of Demand for Scientists and Engineers 

At the April 30*Nay 1, 1979 meeting of the VForkshop» NSF staff presented 
projections of the proportion of academic science and engineering doctoral 



^ A new survey of "Research Participation and Other Characteristics of 
Recent Science and Engineering Faculty'* will be conducted In spring 1980. 
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staff primarMy engaged in teaching,— who in 1987 will have held thetr 
degrees for seven years or less. Subsection A briefly outlines the steps 
which produced these projections* Subsection B discusses the data and 
assumptions used In making these estimates, and Subsection C compares the 
results of these early NSF forecasts with those from the Radner-^Kuh model. 
The estimates were Intended for Interim use until NSF staff could develop 
a more sophisticated computer tnode) to simulate the flow of personnel 
throush academia* The last section of this paper provides a progress 
report on this model* 

A* Steps In Projecting 1987 Employment of Recent Doctorates 

The NSF model discussed at the Workshop (NSF*1) produced 1987 estimates 
through the following steps. First, the 1977 academic base population was 
divided into four groups based on possession of a Ph.D. and tenure status. 
Those without tenure were then split into those who were assumed to receive 
tenure by 1987 and those who would not. The latter group was assumed to 
leave the academic population before 1987* The number of those who either 
held tenure in 1977 or would receive it in subsequent years was then reduced 
to reflect deaths and retiranents between 1977 and 1987* This "surviving 
1977 population" was subtracted from projected 1987 employment to arrive 
at an estimate of the total number of staff anployed In 1987 who were 
not employed ten years earlier. This estimate was then multiplied by the 
proportion of hires assumed to have doctorates to arrive at H, the number 
of doctorates employed In 1987 who were not in the l977 base population. 
On the assumptions (a) that annual hiring Is constant over the projection 
period, (b) that each person hired remains seven years and then either 
receives tenure or leaves^ and (c) that the fraction receiving tenure is 
a constant (t)f the following formula expresses the estimated ratio (R) 
of recent doctorates (those holding degrees seven years or less) to total 
doctorates In 1987* Doctorate staff employed in 1977 and 1987 are 
represented by S. 

R H{l-.3t) 
H+S 



ERIC 



7/ 

- Staff primarily engaged in teaching, rather than faculty, served as 
the subject of these projections because the only readily available Infor* 
mation on the 1977 population was contained In Human Resources for Scientific 
Activities at Universities and Colleges^ January 1977 . NSF 77-321. This 
publication reports staff but does not distinguish between those who have 
faculty status and those who do not. Furthermore, postdoctorates are in- 
cluded In staff primarily engaged in research. To exclude postdoctorals » 
Artlv fifaff Drimarflv enaaaed in teaching were the base population for NSF-I. 
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The term ("^-3t) removes from H that group who were hired In 1977, 1978, 
and 1979 (who would not be recent tn )987 because they would have held 
their doctorates more than seven years) and who are still present In 1967 
because they received tenure*-^ 

B* Chief Data Sources and Assumptions of NSF-1 

(1) Characteristics of the Academic Staff Base Population In 1977 

The January 1977 NSF Survey of Scientific and Engineering Personnel 
Employed at Universities and Colleges provided the number of fulWtlme 
staff primarily engaged In teaching divided Into those with Ph.O.'s and 
those without. About 67 percent of the 155,000 In the base population 
held doctorates. It was assumed that the 1977 proportions of doctoral and 
nondoctoral staff with tenure were equal to the fractions found in the NSF 
Survey of Faculty Research Activities. Spring 197^ (Nati onal Science Foun* 
datlon, 1975)* These proportions were 71 percent and 5^ percent, respect- 
ively. (Data later available from the National Academy of Sciences' 1977 
Survey of Doctorate Recipients (National Research Council, 1978)) indicate 
that the fraction of doctoral faculty with tenure was approximately 
70 percent . 

(2) Projection of 1587 Employment 

The 1977*87 relative change In employment of the base population was 
assumed to be equal to that reported in Projections of Science and Engi- ^ 
neering Doctorate Supply and Utilization, 1982 and 1987 (NSF 79*303) * For 
that report future academic utilization was estimated with the use of 
regression equations which relate employment to baccalaureate awards (used 
as an index of demand for academic staff). The report projects 1987 employ- 
ment for each of five major fields: the physical, math^atical, life, and 
social sciences and engineering. (See Appendix for the projection 
equations.) An aggregate 1977*1987 growth rate for all fields combined was 
derived for use with NSF-K 

Regression equations, when used as a basis for projecting academic 
employment, offer an advantage over the most often used alternative technique 




— This formula reflects the specific characteristics of a ten-year 
projection period* (The three years 1977-1979 are .3 of the ten years 
between 1977 and 1987^ 
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whEch is to assume that student^staf f ratios will remain constant during 
a projection period* This advantage stems from the fact that regressions 
relate employment to degrees, or other independent variables* at the 
margin. Thus each additional 100 baccalaureate awards are statistically 

— — V 

associated with the employment of a particular number of additional staff*^ 
This is in contrast to assuming constant student^staff ratios which Imply 
that the average relation between students and staff observed at the time 
the projections were made will remain unchanged* The steady rise in the 
academic employment of scientists and engineers since 197'* — a period when 
science and engineering degrees have not grown — raises significant questions 
about assuming that the ratio of students to staff wHI remain constant 
during a projection period* 

Baccalaureate degrees, the demand variable in the regression equations, 
were projected for the four science fields by assuming that trends existing 
as of 1976 In the numbers of baccalaureate degrees awarded by field and 
sex would continue through 1987*-'' The future rate of change, however, was 
assumed to be one^half the existing rate* The assumption that-existing 
trends would continue was based on the judgment that the factors that pro- 
duced them would still be operational during the projection period. These 
include a continued shortage of jobs for social sciences baccalaureates 
and continued growth in female participation in science* for engineering* 
future awards were projected with an approach that related engineering 
baccalaureates to supply and demand factors* 



— If the values of all variables in the regression are transformed Into 
logarithms, the coefficients may be Interpreted as elasticities which equal 
the ratio of the percentage change in the dependent variable associated 
with the percentage change In the independent variable* 

^"^Trends were assumed to begin either in i960 or whenever the number of 
baccalaureate awards began a clear period of growth or decline* The only 
exception Is mate social science baccalaureates where a l972-'76 period Is 
used rather than l97'»-76. Although degrees did not begin to drop until 
197**, the fall was so precipitous that use of the l97'*'76 period as a basis 
for extrapolation would lead to extremely tow projections of 1987 male 
social science baccalaureates. The following years mark the beginning of 
the trends used in projection of baccalaureate degrees: physical sciences, 
men — 1966 and women — 1969; mathematical sciences* men and women — 1970; 
life sciences, men and women — 1960; social sciences* men — 1972 and women — 197**- 
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The decision to halve existing rates was based upon the historical 
relationship between science and engineering baccalaureates and the sum of 
all baccalaureates and first-professional degrees which had remained In a 
narrow 28*32 percent band over the past 21 years. Estimated 1987 bacca* 
laureate and f Irst-professlonal degrees were obtained from projections 
produced by the National Center for Education Statistics (nCES, W^) * 
The 1977*87 growth of science baccalaureates was adjusted until the sum of 
these awards and engineering degrees fell within this 28*32 percent range. 
The NCES Projections were produced with a denx>graphlcally based model. 
Consequently* the NSF science and engineering baccalaureate projections, 
although based primarily on attenuated extrapolations* Implicitly considered 
demographic factors. 

Baccalaureates are not an Ideal Index of demand* but are a Proxy for 
better measures of faculty requirements such as enrollments by field. 
The latter, unfortunately, are unavailable at the undergraduate level. 
In addition, numbers of degrees awarded may not adequately account for 
future demand for staff for research activities. This problem could arise 
If requirements for teaching and research activities do not maintain the 
relation which they have had in the past. 

(3) Projection of Attrition of 197? Staff Due to Death and Retirement 

A weighted average of the attrition rates used for the five science 
and engineering fields In NSF 79*303 was applied to the 1977 academic labor 
force in NSF^I to account for deaths and retirements through I9B7* 
NSF 79*303 used age-specific mortality rates obtained from the Teachers 
Insurance and Annuity Association (TIAA) and 1973 field-specific age dtstrl* 
buttons from the American Council on Education (aCE). Retirement was assumed 
to occur at age 66. It should be noted that the population insured by TIAA 
has lower mortality rates than does the general population. Choice of a 
retirement age of 66, rather than 69 or 71. has a somewhat smaller effect on 
estimated openings. The comparison below of NSF-I with the Radner-Kuh 
model provides quantified illustrations of the sensitivity of NSF-1 to these 
and other assumptions. 
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(U) Proportion of Staff Hires with Doctorates 

The fractions of )977")987 hires with doctorates tn the five science 
and engineering (S/E) fields, as estimated In NSF 79*303, were weighted, 
aggregated (which produced a value of and applied to total hires In 
NSF-K By contrast, only about 65 percent of 15^77 S/E staff primarily 
engaged tn teaching held doctorates. The publif.ied report assumed all 
new staff in universities would heve doctorates. For hires in 2-and 4-year 

schools* the report used the findings of an ACE survey (Atelsek and Gomberg, 
1978) which obtained estimates by field of the proportions of 19^6-77 
appointees who had or would soon receivfi doctorates* The assumption that 
the credentials of staff would be upgracfcd during the projection period 
had a substantial effect on estimated openings* 

(5) Transfers of Staff Between Academla and Other Sectors 

It was assumed that there would be no such transfers except for staff 
who are forced to leave academla for failure to receive tenure* This 
simplifying assumption was necessary because of a lack of data. Evidence 
available since NSF*1 was presented indicate that such voluntary mobility 
Is fairly small and would not strongly affect the results of NSF^I, 

(6) Proportion of New Staff Receiving Tenure 

NSF-1 arbitrarily assumed this proportion would be one-half* The pro- 
jections are very sensitive to this asstmptlon* 

(7) length of Pre-Tenure Probationary Period 

This was put at seven years. In the past, this has been the standard 
period of probation although anecdotal Information suggests this period 
has become longer at many schools* Those failing to receive tenure are 
assumed to leave academla before the start of the next academic year. In 
conjunction with the proportion of new staff assumed to receive tenure, 
this assumption can have a strong effect on projected openings, particularly 

for projections covering a short period, 

* 

C* Comparison of Results from NSF-1 and the Radner^Kuh Model 

NSF-I, using the assumptions outtlned above, projects that 33 percent 
of doctoral science and engineering full-time staff primarily engaged In 
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teaching tn all colleges and universities will have held thetr degrees for 
seven years or less tn 1987* The most comparable figure from the Radner* 
Kuh paper, Preserving a Lost Generation: Policies to Assure a Steady Flow 
of Young Scholars UnttI the Year 2000 (1978), pertains to the fraction of ^ 
doctoral faculty tn all fields, tncludtng non-sctence, whowtll be 35 years 
of age or younger tn {986. Thts fraction Is projected to be \k percent. 
The two estimates are far apart and seemingly point to quite different 
future levels of younger faculty representation* Analysis^ however, suggests 
that all but a few of the 19 percentage points separating the two estimates 
can be accounted for by differences In assumptions and definitions used In 
the two models* These sources of divergence, which are summarized In 
Table 2*U are explained below*^ 

The two models differ in how they account for the three elements of 
attrition — death, retirement, and failure to receive tenure. The use of 
TIAA mortality rates for NSF-1 lowered the projected representation of 
young doctoral faculty two percentage points below what It would have been 
If rates for all males had been used as In the Radner-Kuh model* (This {s 
the only Important assumption tending to decrease the estimated percentage 
of younger faculty of NSF-1 below that of the Radner-Kuh model-) With an 
opposite effect^ assuming a retirement age of 66 In NSF-I raised the 
projected younger doctorate representation by one pe*'centage point above 
what would have been obtained If the Radner-Kuh assumption of retirement 
at 69 had been used* The effects of the different treatment of death and 
retlreflient roughly cancel each other so that only the last element of at- 
trition Is Important In explaining the differences in projection results, 
NSF-1 assumes that only one^half of new staff are retained after seven 

years whereas Radner-Kuh projects that over 70 percent of the 1978 cohort 

7/ 

of new staff will be in academia In 1987-- If NSF-1 had used the higher 



- In a paper prepared for the workshop, "Reconcilable Differences?" 
Radner and Kuh presented additional projections thct used data from the 
Comprehensive Survey of Doctoral Scientists and Engineers (Katlona) Research 
Council, 1976), tn this paper, the authors projected that 19-5 percent of 
faculty would be of academic age seven years or less in 1987. 

^"^This percentage varies in the Radner-Kuh model by entering cohort. 
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TABLE 2.1 



DIFFERENCES BETWEEN NSF-1 AND RAONER-KUH 
PROJECTIONS OF 'KECENr' FACULTV RATIOS 



1986-87 Recent Faculty Percentage 



NSF-I 

33% 



Radner-Kuh 

nil 



Difference 
19% 



Source of Difference 

TOTAL 

Definitions of'Recent" and 
"Young*' Faculty 

Proportion of Nontenured 
Staff Retained 

Absence of Staff Upgrading.... 

Number of Academic Staff 
Employed 

Death Rates 

Retirement Age 

Unaccounted For 



Estimated Difference 

from NSF 
Projection Hodel 
(in Percentage Points) 

-19 



-7 
'k 

-3 
+2 
-I 
-I 



Cumulative 
Difference 



'5 

•12 
•16 

•19 
17 
18 
19 



Source: National Science Foundation 
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retention rate, Its estimate of the I987 ratio of recent to total doctorates 
i4ould have been reduced by about 7 percentage points* or from 33 percent 
to about 26 percent* 

Another Important factor contributing to the difference In projections 
Is the fraction of projected hires ^0 have doctorates* The Radner*Kuh 
model assumes that this proportion will be equal to the correspmdtng 
fraction for all staff In the base year^-one-^half for all fields combined* 
In contrast, the NSr model assumes, on the basis of data from NSr surveys, 
that colleges and universities will upgrade their staff during the pro-* 
Jectlon period by hiring doctorates for about 85 percent of their staff 
openings* If NSr-^l had held the doctoral hiring proportion to the current 
two-^thirds of science and engineering staff with doctorates, Its projected 
ratio of recent to total doctoral staff would have been four percentage 
points lower, or 29 percent* 

In addition to the differences tn assumptions stated above, the Radner- 
Kuh model distributes doctorates by age Instead of years since degree* The 
Radner*Kuh staff group, 35 y*ars of age and younger. Is the closest to the 
"recent" category (those holding a doctorate seven years or less) used In 
the NSr*1* Because S/E doctorates receive their degrees on average at age 30* 
this group Is smaller than the total of recent doctorates* This difference 
in definitions reduces the Radncr*Kuh estimate by about five points from 

8/ 

what it would have been if 37 were used as the boundary of this age group.— 

In summary. If the Radner-^Kuh projection is adjusted to reflect those 
37 years of age and younger, rather than 35» U would indicate that about 
19 percent of doctoral faculty would be recent in l986* Similarly, If 
NSr-^l had assumed a higher retention rate of *7t Instead of and had not 
accounted for staff upgrading, it would have projected the representation of 
more recent doctorates to be about 22 percent in 1987* The remaining 
three percentage points difference between the projections chiefly stems 
from the assumption of NSr-^l that employment will grow by six percent between 
1977 and 1987 and the Radner-^Kuh assumption of about one percent growth* 
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— This assumes that faculty are evenly distributed by age between the 
\k percent Radner and Kuh projected to be 35 years of age or younger and the 
26 percent projected to be ^ or younger* 
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II * PeveloPfflent of a Co«npoter Hodel to Simulate the Employment 
Flows of Scientists and Engineers Through Academla 

Since the meeting of the yorksHop in spring 1979* Toundatlon staff 
have developed a computer model to simulate the flow of science personnel 
through academla. Current efforts center on Improving methods used to 
project future numbers of academically employed scientists and engineers* 
a key element In the model* 

A. Description of the Computer Simulation Hodel 

The new computer simulation model (which will be referred to as NSr*2) 
Incorporates a number of technical Improvements over NSr*1* NSr-2 also 
benefits from data that were not available at the time of the Workshop. 
The first part of this section outlines the structure of the computer model 
and the second briefly outlines woric toward Improving the technical basis 
of projecting future academic employroent* 

NSr-2 distributes an academic population by biological age. This dis- 
tribution is updated to reflect the entry of new personnel and the aging 
and changes In status* or transitions* of veteran staff. All transition 
probabilities are related to ^9^- These transitions consist of promotion 
to tenure and separation from the population due to any of four reasons — 
death, retirement, failure to receive tenure, and voluntary separation to 
accept a position In another sector. The model does not account for 
mobility from one academic Institution to another so long as the employees 
of both are Included in the population. A;I transition probabilities, other 
than for death, can vary during the projection period, for example, the 
proportion of staff receiving tenure after a probationary period could be 
set at .65 for 1980 and .55 for 1983* The probationary periods can also be 
set at varying lengths. Future developmental work will attempt to account 
for the effects of the academic labor market upon the length of probationary 
periods as well as upon the probabilities of promotion to tenure and 
voluntary mobility between academla and other sectors. 

NSF'2 has four subpopulat ions based on tenure status and possession of 
a doctorate. All entrants, whose age distribution can be varied during the 
projection period, are assumed to be Inexperienced and are entered Into one 
of the two untenured subpopulatlons. The fraction of new staff who enter 
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the doctoral » untenured subpopulatlon Is assumed to be unchanged during 
the projection period* Those members of the untenured groups who are not 
promoted to the tenured groups after probationary periods leave the popu-^ 
tattoo by the start of the next projection year* Promotion rate$ can be 
different for the doctoral and nondoctoral subpopulatlons. tn regard to 
the other transition probabilities* death rates and retlr^nent age are 
assumed to be the same for doctorates and nondoctorates (only tenured 
staff reach retirement age and mortality Is very low for those young 
enough to be untenured) > but the age-^speclflc rates of voluntary separ- 
ations to non*academlc jobs can be different for each of the four sub*' 
popu lat I ons * 

Tabulations of data from the National Academy of Sciences Survey of 
Doctorate Recipients (National Research Council* 1978) have provided tenure 
and age characteristics of the 1977 doctoral academic population that were 
not available for NSF*1, These tabulations have also allowed estimation 
by field of the proportion of untenured doctorates who received tenure 
between 19^3 and 1977 as well as of the proportion of tenured doctoral 
staff who left academla for employment In other sectors. These historical 
proportions are assumed In NSF-2 to remain in effect during the entire 
projection period. Results from the annual NAS Survey of Earned Doctorates 
permits estimation of the age distribution of new doctoral faculty. No 
data are available on the age distribution of the 1977 population of non* 
doctorates. Similarly* no direct Information exists on the average age of 
new nondoctoral staff. NSF-2 assumes that tenured nondoctorates are evenly 
distributed by age and that nondoctorates begin academic employment at age 
25. 

B. Projection of Future Academic Employment 

An effort Is underway to Improve the technical basis for projecting 
future academic employment through respecif ication of the regression equations 
that are used to estimate future staffing. Three additional observations 
on academic employment have become available (National Science Foundation* 
1979b) since the preparation in 1977 and 1978 of Projections of Science and 
Engineering Doctorate Supply and Utilization. 1982 and 1987 (l979d), which 



2fi 



-18- 



provlded the staffing growth rate used for N5F-U The additional data 
provide additional degrees of freedom which have permitted adding In** 
dependent variables, such as R&D spending and enrollment for advanced 
degrees, to the regressions that explain employment by field. Previously! 
these regressions have used only baccalaureate awards and trend variables 
as Independent variables* 

Other efforts are being made to improve methods of estimating future 
bachelors degrees by fields* As one approach, various autoregressive 
equations are now being tested to evaluate their performance In explaining 
numbers of degrees awarded !n the past. With these equations, degrees 
In a year are regressed against three or more independent variables that 
Include degrees lagged one year, degrees lagged two years, and a demand 
variable* In some autoregressive equations, the parameters are being 
estimated using normalized values of the dependent variables derived by 
dividing the values of the degree variables by the numbers of high school 
graduates four years earlier. This controlled for any effects that the 
size of baccalaureate cohorts may have had upon trends In awards (See 
Freeman and Leonard, 1978)- 

The results of these efforts will be reported in future publications 
of the N5F Division of Science Resources Studies, 
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APPENDIX 



Projection of 1987 Academic Employment 

The projections of 1987 academic employment were based on the past 
statistical association between staff and baccalaureate degrees. For 
each field, regression analysis related the number of full-time academic 
staff, including nondoctorates, in January of a given year to one or more 
of the independent variables listed below. 

BACC — the total ninnber of baccalaureates awarded In a single broad field 

BACC(1)"the total niHnber of baccalaureates awarded in alt S/E fields 
except the social sciences 

BACC(2)~the total number of baccalaureates awarded in all S/E fields 

TIHE — a trend variable equal to the number of the observation (e.g., 
one, for the first observation) 

BACCAlME-*the variable BACC divided by the trend variable 
BACC(l)TIHE— the variable BACC(1) divided by the trend variable 
There were eight observations for the period 1965 to 1976. Different 
equation specifications were tested to determine which variables best ex* 
plained past variation in academic employment. Those specifications which 
seem most consistent with what is known about the types of courses taken 
by students in different fields and which had the best statistical properties 
were used in the projections. For each field the equation listed below was 
used to project total staff, except in the social sciences in which employ- 
ment was assumed to be unchanged between 1977 and 1987. In the physical 
and life sciences, specifications using BACCS(I) (all science and engineering 
(S/E) baccalaureates less the social sciences) were chosen for the pro- 
jection equations to reflect the service function performed by faculty !n 
these two fields for students majoring in other S/E fields* (It is assumed 
that social sciences undergraduates do not take natural sciences courses 
as frequently as do other S/E students.) BACC(2) (all S/E baccalaureates) 
appears in the projection equations for the ntathemattcal sciences on the 
basis of the assumption that faculty in this fFeld instruct all S/E under- 
graduates* On the other hand, few nonengineerlng students enroll in 
engineering courses so BACC (in this case, baccalaureates in engineering only) 
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was the Independent variable in the projection equation. In this field, 
as well as in the physical sciences, trend variables were also used. In 
the equations below, the numbers in parentheses refer to t-statistics. 

Physical sciences staff > 22,941 + 0.052 BACC(l) 

(7.7) (2.1) 
+312 TIME -0.056 BACC(1)AIME 
(2.6) (-7.5) 

R « .99 Durbin-Uatson 
statistic ' 2.8 

Engineering staff = 17,799 + .130 BACC 

(8.7) (2.8) 

^.124 BACC/TfME 
(-7.5) 

R ■ .96 Durbin-Uatson 

statistic = 2.0 

Hathematical sciences staff = 1,099 

(-.6) 

+.080 BACC (2) 
(11.8) 

R = .96 Durbin-Uatson 

statistic = 1.3 

Life sciences staff ' 6,838 + .2li6 BACC(l) 

(1.6) (8.3) 
R = .92 Durbin-Uatson 

statistic - 2.5 

Social sciences staff = 12,279 + .137 BACC(2) 

(2.0) (5.9) 
R = .85 Durbin-Uatson 

statistic ^ 1.4 



30 



CHAPTER 111 



RECONCILABLE DIFFERENCES? 

An Examination of Alternative Projections of Academic Demand for Recent 
Science and Engineering Ph,D.*s In the I980*s* 

Charlotte Kuh 
Harvard Graduate School of Education 

Rov Radner 
University of California* Berkeley and 
Kennedy School of Government « Harvard 

I * Introduction 

We have been asked to compare* contrast* and cotnment on the National 
Science Foundation (NSF) model that forecasts the supply and utilization 
of doctoral scientists and engineers (National Science Foundation* 1973) 
with the model that we and Luis Fernandez have developed to forecast 
academic demand for doctorates (Kuh and Radner* 1977; Fernandez* 1978), 
The two models plainly differ tn scope and emphasis " that of the 
NSF being broader in terms of coverage of the entire labor market and 
narrower in that It restricts itself to science and engineering. We in- 
tend to focus on the young investigator problem in this paper. In 
particular* we would like to compare the predictions from an economic* 
i^emographtc model we have developed to the predictions from the NSF model 

of academic demand for recent doctoral scientists and engineers. 

Differences in predictions of different models may come from three 
primary sources; I) differences in methodology* 2) differences in as* 
sumptions concerning parameters, 3) differences in baseline data. This 
discussion will focus on the first source* since the second and certainly 
the third should be objectively ascertainable. The Kuh-Radner mode) is 
essentially a cohort survival model. It is dynamic and tracks the 
evolution of academic demand over a 25-year period, A flow diagram that 
lays it out Is presented tn Figure A similar diagram for the NSF 



We wish to thank David Bussard and Bernard Morris for research 
assistance. This paper is based on research supported in part by the 
National Science Foundation. 
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projection model for new doctoral hires is presented in Figure 3.2. The 
basic elements of both modeU are similar. The demand for new academic 
staff Is derived from the changes in the number of students to be served, 
and replacement demand resulting from death, retirement, and other sources 
of attrition. It is also necessary to predict what proportion of new 
academic staff will have doctorates. The NSF model presents projections 
for the proportion of doctoral science and engineering staff that are 
young (with seven or less years of academic experience) for I982 and 1987. 

Methodological Differences 

The three primary differences between the Kuh-Radner and the NSF 
methodologies are (|) the way in which changes in enrollments (or bacca* 
laureates) are projected, (2) the difference in emphasis between a set of 
projections for only two points in time (NSF) versus the projection of a 
time series, and, finally, (3) the degree of disaggregation of the NSF 
projections. Let us discuss these differences one at a time. 

Enrollitent Prolections. Demography may not be everything, but it is 
an undisputed fact that the sizes of the iS-year-old cohorts, and even the 
18^21 year-old cohorts, are going to decline between 1977 and 19^2, and 
decline even more precipitiously between 1977 and 1987* The numbers are 
given in Table 3J . 

Participation rates of these or other cohorts would have to increase 
dramatically in order for baccalaureates to grow in a linear fashion. Thus 
we would think that any projective model should take demographic trends 
Into account. 

Point Predictions and Time Series Projections . The problem with the 
presentation of a time series of projections is that it gives a false im- 
pression of exactness. What is presented are annual point estimates white 
what is important for policy is the qualitative, fact of fluctuations in 
demand and a general notion of the magnitude ^id duration of such fluctu-- 
atlons. The presentation of two point estimates does suffe' less obviously 
fran this problem, but the fact that demand fluctuates may be missed 
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FIGURE 3.2 
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Source: Olvtslon of Science Resnurctes Studies, 
National Science roundatlon 
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TABLE 3.1 



PERCENTAGE CHANGE: COLLEGE AGE COHORTS 



Years 

Cohort !977-82 1977-8? 

18 yr. old - 3.7 - 16.0 

18-21 yr- old - 0.8 - 13.0 



Source: National Center for Educat! * Statistics, 
Projections of Ed uca tion Statistics to 
m-^h Tabie 6-5 ^ 
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entlrely, depending on the choice of projection points. For exmple, the 
choice of 1982 and 1987, mls$e$ both the peak (In 1980) and the trough 
(fn 198$) that are apparent In the Kuh-Hadner nnxle). 

It may be argued that demand for new staff does not flucuate as 
violently as suggested by the Kuh-Radner results. However, the plot of 
first differences of number of FTE faculty from i960 to 1976, presented In 
Figure 3*3, Illustrates that evan In a period of growth, fairly targe 
fluctuations tn full-time staff dtd occur. 

The Degree of Dlsaogregatlon . The NSF projections are disaggregated 
by field of science and engineering. This disaggregation should provide 
a golden opportunity to take Into account the varying age structures, 
f letd^by^f feld, of academic faculty. Kuh and Radner have some preliminary 
findings about mathematicians, for example, which Indicate that because 
mathematics faculty are, on average, younger than faculty as a whole, and 
because there are more tenured young faculty, the young investigator ^ 
problem will probably be worse for mathematicians than for faculty as a 
Whole. The way In which the NSF projections use disaggregation, ho^^ver, 
Is to recognize that the size of the 1977 Initial stock of academic staff 
differs by field. The age structure of faculty In each field Is assumed 
to be the same as that for faculty as a whole tn the 1973 American Council 
on Education (ACE) Survey. Fleld-specif IQ differences are not Incorporated 
In the projection technique. 

Since we think the debate about the young investigator problem relates 
to the age-specific structure of knovfledge, and since this structure 
probably varies by field, disaggregated estimates are important. They 
should, however, take Into account f leld^speclftc age and mobility patterns. 

Comparing the Models 

In an attempt to make the two models comparable, we have taken three 
approaches. First, taking the NSF parameter values and baseline data, we 
have applied our simulation model requiring that the 1977 and 1987 values 
of academic doctoral demand be the same as those projected by the NSF. 
Fluctuations In demand, then, drive our dynamic model. The question that Is 
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CHANGES IN FULl-TIHE STAFF IN HIGHER EDUCATION 1962-1976 (in Thousands) 

Source: National Center for Education Statistics, 

Projections of Education Statistics to 
1986-87 . Table 22 (earlier years from 
earl ter volumes) 



FIGURE 3.3 
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answered by this exercise ts: what time pattern of n«^ hiring Is consistent 
with the NSr data and parameter values, but with the dynamics of the Kuh* 
Radner model? The second approach is to use the NSr data and parameters 
and to Interpolate them linearly* Since, as far as we can tell, the bac 
calaureate series on which the NSr projections Is based results from an 
approximately linear extrapolatton of past data, this Interpolatlve approach 
Is entirely consistent with the NSr methodology* The third approach Is 
to "scale down" our total faculty demand model to values consistent with 
the NSr 1977 baseline science and engineering stock, and then to run our 
model with our parameters* It should be noted that since we wrote "Pre- 
serving a Lost Generation* * * »" we have obtained access to data from th* 
Comprehensive Survey of Doctoral Scientists and Engineers of the Commission 
on Human Resources* The data base for our current projections differs 
somewhat from that In the circulated report. The qualitative results, 
however, are unchanged* A statistical summary of the projections from all 
three models is presented In Appendix t* 

We find that unless the demand for academic places grows in a strongly 
counter-demographic manner, new hiring of doctoral science and engineering (S/E) 
faculty will decline markedly in the 1980's* AM three models predict a 
decline of at least ten percentage points in the proportion of recent 
doctoral S/E faculty during the 1980's* These results are generated pri- 
marily by the demographic characteristics of the existing faculty stock 
and by the assumptions of each model concerning the pattern of enrollment- 
generated faculty demand, 

M* The Hodels 

The Kuh'Radner Hodel- ^^ 

Ue first describe the model used to make the projections that were 
presented In our paper, "Preserving a Lost Generation: Policies to Assure 



^ The present model Is an adaptation of one used previously for aggregate 
U*S* doctorate faculty projections, Por a detailed description of that 
model. See I- Pernandez (I978)* However, the parameters of that model 
have been revised to reflect data newly available to us from the Commission 
on Human Resources (CHR) of the National Research Council, 
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A Steady Plow of Young Scholars untU the year 2000/* That demographic 
inodc) foltows each Ph.D. faculty cohort from the year of Its entry fnto 
academla, until the year 2000. rormally, m use a Mat^kov model with 
nonstatlonary transition probabilities. The state of an Individual Is 
characterized by '^academic age** (number bf years since the Ph.D. degree), 
biological age, and tenure status. Individuals may enter the system In 
any state* or leave from any state. (However, for all practical purposes, 
positive net flows Into the system occur only at academic ages one and two.) 
The system Is Intended to represent the population of teaching faculty In 
four-year colleges and universities who have doctoral degrees. 

The total stock of (doctoral) faculty In any one year i$ assumed to 
be given exogenously, and determined by academic demand. (See below for 
a discussion of the projections of stocks.) The number of Individuals 
leaving the system in any one year (due to retirement and other attrition) 
is determined by the age and tenure-status distribution in that year. The 
number of new hires Is the difference between the next year*s total re- 
quired stock (demand) and the remaining stock of Individuals carried over 
from the current year. 

The parameters of the model Include the initial (1975) age and tenure- 
status distribution, and. for each calendar year: 

(1) academic age^speciflc rates of "promotion". I.e.. 
tran<ltion from non^tenure to tenure statu<; 

(2) academic age and tenure-status specific rates of 
(net) attrition from the system other than attrition 
due to death and retirement; 

(3) biotoglca) age^pecific rates of death and retirement. 

In addition, there Is the series of demands for total faculty In each 
year, mentioned above. These various parameters are projected to change, 
over time, between the years 1975 and 2000, in response to the likely evolu 
tton of the market. However* the model incorporates no formal feedback 
mechanisms for the Influence of market conditions on the model *s parameters 
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for the projections reported In "Preserving a Lost Generation.. w«" we 
re) fed heavMy on data from the American Council on Education and Carnegfe 
CouncM faculty surveys ($ee Fernandez, 1978). Since dfstrfbuttng that 
report, we have revised many of the parameters of the nnxlel, using data 
recently available to us from the Commission on Human Resources of the 
National Research Council. (We have also made minor modifications In the 
computer pro9ram, eliminating some numerical appnx>.tmattons In the 
algorithm that are no longer necessary with our present computer.) The 
revised projections are presented In the Appendix to this paper. They do 
not differ substantially from the original projections, nor do they lead 
to any substantially different policy conclusions. 

For the remainder of thU paper, we shall refer to the revised model 
as the 'XHR*data*based doctoral model.'* We shall first describe the data 
end assumptions of the CHR*data*based doctoral model* and then compare the 
model with what we understand to be the method that the NSP has used to pro* 
Ject the 1986-87 '^Recent Faculty Ratio." Finally, we shall explain how we 
have adapted the CHR*data*based doctoral model to Incorporate the assumptions 
and data used In the NSF projections. In ttils %tfay, we hope to elucidate 
to what extent the differences bet%«en the two sets of projections are due 
to differences In wthodology, and to what extent they are due to differ- 
ences In the data and underlying parameters. 

Our estimates of the initial age distribution and number of doctorate 
faculty In 1975 ere based upon data from the 1975 Survey of Doctorate 
Recipients, which Is conducted by the Coimiission on Human Resources for the 
NSF (National Research Council, 1976). 

Academic age^speciflc promotion rates have been estimated from survey 
data supplied by the Commission on Human Resources, using a conditional 
logit method of estimation (Kuh and Radner, 1977: Kuh» 1977)* This 
method enables us to estimate how the age-specific promotion rates have 
changed during past years, and to see how these changes have correlated 
with past changes in market conditions. Because of limitations of the data, 
similar but crude** methods have been used to estimate age and tenure-status 
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specific attrition rates. Retirement rates have been projected from 

2/ 

figures for U.S. faculty as a whole developed elsewhere,— and are In* 
tended to incorporate a moderate response to the extension of the 
mandatory retirement age that (under present legislation) will begin In 
1981. The projected evolution of the above parameters ts shown In the 
Appendix to this paper. 

In the CHR-data*based doctoral mode]^ we have retained the projec- 



2/ 



tlons of total demand for (doctorate) faculty that were developed elsewhere.— 
The NSF Model- "^ 

The NSF projection of the ratio of "recent" doctoral staff to totat 
doctoral staff In 1987 U designed to esti^iate this ratio without expli- 
citly following the year-to*year details of the experience of the dif- 
ferent cohorts. ("Recent" staff are defined as those who have had their 
doctorates seven years or less.) Nevertheless, the assumptions that 
underlie the NSF projections can be understood, we believe, within the 
framework of the doctoral model based on ChR data. 

First, the initial stages of the NSF calculation deal with the full* 
time staff, both doctoral and non*doctoraK who are primarily engaged In 
teaching. In alt Institutions of higher education. Including two-year 
colleges. The staff considered are limited to the five science and 
engineering (s/E) fields, which are first considered separately. For each 
S/E fietd except Social Science, the faculty stock In the projection year 
(c^g^f 1987) is predicted from regressions that were estimated from histor- 
ical data on academic staff and S/E baccalaureates. The stock of social 
science faculty Is projected to remain at its 1977 tevel. The numbers of 
baccalaureate degrees In each S/E field are assumed to increase or decrease 
according to present trends. 



^ See Fernandez, (1978)* These projections are based upon projections 
of student enrollments, together with a constant faculty^student ratio* 

^^The following materia) represents our understanding of the NSF method* 
ology. Charles Falk and tarry Lacy kindly provided the information on which 
our account is based, but they are in no way responsible for errors in It* 
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Death rates are obtained from the Teachers Insurance and Annuity (tIAA) 
experience* All faculty are assumed to retire at age 66« 

All promotions from non^tenure to tenure status occur at academic age 
seven, and only at that age* One^half of all non-tenured faculty eventually 
receive tenure. Tenured faculty experience no net attrition from the 
system, except for death and retirement. Attrition of non-tenured faculty 
occurs only after seven years, at which time all non^t nured faculty who 
have not been promoted to tenure leave the system. All (net) new hires 
Into the system in any one year have academic age one. 

The biological age distribution of S/E faculty In 1977 is estimated 
from the 1973 ACE faculty survey. Data from an NSF survey (I97M provide 
a basis for estimating the fraction of S/E faculty who have tenure in 1977. 

Even with the above assumptions about the tlme^structure of the rates 
of promotion, retirement, and other attrition, one cannot project the total 
new faculty hires between 1977 and 1987 without making some assumption 
about the time-path of changes in the total faculty stock. For example, 
to consider two extreme cases; suppose first that the entire change, say C, 
in the faculty stock occurred at the beginning of the period. This change 
would generate C new hires at the beginning of the period; after seven 
years, half of these would leave the system for lack of promotion, and 
C/2 more new hires would enter the system to replace them. On the other 
hand, if the entire change In the stock occurred In the last year of the 
period, then there would be no attrition from this group by the end of the 
period, and the total new hires generated by changes in the stock would be 
C. (in addition, of course, there would be new hires generated by death, 
retirement, and attrition from the faculty already present In 1977.) As 
far as we understand the NSF method. It Is equivalent to the assumption 
that the annual changes in the stock of faculty, as well as the annual re- 
placements generated by death, retirement, and other attrition from the 
1977 stock, are all constant over time. We shall call this "Assumption A." 

To project the number of new faculty hires wi th the doctorate , during 
the period I977"87, the NSF uses estimates of the proportion of faculty 
hired in recent years who have the doctorate, and assumes that this pro" 
portton will be ten percent higher durFng the projection period. This 



analysts (the details of which we have not seen) yields a projection that 
approximately 84 percent of new faculty hired during the period |977*87 
will have a doctoral degree. 

From an estimate of the age and tenure distribution of the doctoral 
faculty stock in |977» together wtth the above assumptions on the various 
rates* one can also project the number of doctoral S/E faculty In 1977 
who survive until l987; call these the "survivors." In l987> all of these 
survivors have academic age greater than seven. The total number of 
doctoral S/E faculty in 198/ is» of course* the sum of the number of sur- 
vivors and the number of surviving new hires. From "Assumption A" above* 
one can also calculate the number of surviving new hires who have academic 
age seven or less; the ratio of this number to the total stock is the 
"Recent Faculty Ratio.'* 

The Hethod of Comparison 

As we have presented it, the NSF model is conceptually similar to the 
Kuh^Radner model, but incorporates a number of simplifying assumptions 
about promotion, retirement, and attrition rates, and about the rate of 
flow of new hires Into the system (Assumption A) that enable one to use a 
simpler algorithm for projecting total new hires of doctoral S/E faculty 
during the pertod |977*87, and the "recent faculty ratio" in 1987. The 
NSF model also makes different assumptions about the numerical magnitudes 
of various parameters, and about the projected stock of faculty. It should 
also be kept in mind that the NSF model (for the projection. of the "recent 
faculty ratio") is concerned with doctoral S/E faculty in all sectors of 
higher education, whereas the Kuh-Radner model is concerned with doctoral 
faculty in all fields, but only In four*year colleges and universities. 

Since the two have the same conceptual basis, but the Kuh-Radner model 
allows more flexible assumptions. It Is relatively straightforward to build 
the NSF assumptions Into the Kuh*Radner model. We have done this In three 
stages, in order to explore the sources of the differences in the projections 
First, we have retained the parameters of the doctoral model based on CHR 
data, except that we have scaled the projection of the time series of 
faculty stocks so that the |977 faculty stock Is equal to the figure used 
by the NSF model for all S/E faculty (both doctoral and non-doctoral) In 
1977; we call these the CHR data-based projections scaled to NSF's 1977 
S/E faculty stock, 
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Second, we have taken the total S/E faculty stocks In 1977 and 1987 
to be the same as In the NSF models but have assumed that the entire 
series of faculty stocks will fluctuate through time with the same pattern 
as In the CHR^data^based doctoral model* We have also used all of the other 
assumptions of the NSr model about profiiotlon» deaths retirement^ and attrt* 
tIon» but not Assumption A* (The year-by-year calculation of the KtA*Radner 
model eliminates the need to use Assumption A.) Unfortunately^ In the 
time available to us we were unable to obtain Initial age and tenure 
distributions comparable to those Implicit in the HSf models In the detail 
needed to Implement the Kuh^Radner model, so we retained the CHR distribution. 
We call these the projections with NSF parameters and constrained demographic 
demand, or '*HSF-K" 

Thirds we modify the NSF-1 model by fixing the projected faculty 
stocks at 1977, 1982, and 1987 at levels used by NSF, and Interpolating 
linearly in between* We call these the projections based on NSF parameters 
and two-segment linear demand, or "NSF-2/' 

Each of the above three models leads to year-by*year projections of 
the age and tenure structure of faculty stocks, of nanr hires, deaths and 
retirements, etc. (Recall that the Kuh-Radner model takes account of both 
biological and academic ages.) To obtain a series of new doctoral hires 
from any nnxlel » we adopt the NSF assumption and multiply the corresponding 
series of total new hires by *837t which is the incremental doctoral faculty 
ratio. 

For each of the above three models one easily obtains a series of 
"recent faculty ratios'* for total faculty. In order to obtain corresponding 
estimates of *Yecent doctoral faculty'* ratios, one should, in principle, 
keep separate track of the demographic structures of doctoral and non- 
doctoral faculty. With the time and data available lo us, we were not able 
to do the necessary calculations, although they would be relatively straight' 
forward. Instead, we divided the 1987 faculty stock into three groups; 



-Experiments with the CHR-data -based doctoral model Indicate that 
moving from an Initial distribution based m the ACE faculty survey to 
one bdsed on CHR data produces only small changes the projections. 
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(l) "recent" new hires since 1977, (2) non-recent new hires since 1977, 
and 0) survivors from 1977 (all non-recent, by definition), and applied 
the corresponding doctoral fractions of *837, .837, and *675, respectively* 
Analogous calculations were done for the other years. 

Young Research Faculty 

It can be argued that if one is interested In the health of academic 
research, then one should restrict one's attention to the numbers of young 
faculty in the academic institutions where the bulk of research is done* 
Many of these are prestigious orlvate colleges and universities with 
relatively stable enrollments and faculty sizes, where new hires are 
largely insulated from the demographic forces affecting nationwide college 
enrollments. Attrition rates for this sector may also be considerably 
higher than for academia as a whole, since faculty at research Institu- 
tions can leave for Jobs elsewhere In academia, as well as outside 
academta. tn a study of mathematicians (Kuh and Radner, I98D), we have 
assumed that attrition rates for research universities are three times 
attrition rates for academta as a whole* The result is a fall In the 
young faculty ratio that is one percentage point less than that for 
academta as a Whole between 1976 and I985* 

II I * Results 

The two types of results of central relevance to the young Investi- 
gator problem are: I) new hiring^ and 2) the share of faculty with seven 
or less years of academic experience. Table 3.2 presents the values from 
each of th^ three models for new hires and graphs of these values are pre- 
sented In Figures 3.4 and 3.5. Table 3*3 presents an Index of these values 
relative to the base y<ar of 1977. Graphs corresponding to the tables 
foPow (Figures 3*6 and 3*7). 

Looking first at new hiring, the projections from the NSF model with 
fluctuating demand (flSF-l) start out higher than either of the other models, 
and for most years give greater levels of new hiring than the CHR-data-based 
doctoral model. The shape of fluctuations, however. Is very similar, as 
would be expected. The linear extrapolation model with NSF parameters (NSF-2) 
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TABLE 3.3 

^- mjenym pbdjgcis) docfcrkte new hikes 



Year 


CHR 
OATA-BASEO 


risF-i 


NSF-2 


1978 


1 


1 

X 


1 


1979 


X + V7Au 


1.0537 


1 0105 




1 Ml 


1 0fi75 

X* Vv r X 


1.0828 

X • V VX V 




n 011(7 


0 01 


1 0651 

X* Vv^X 






n ROi 


1 1065 






n 711 


1 0^ 
X* U^x 




U*vOOD 




0 715 
U* f XX 


1 opt; 




0 


0 0221 

V* 7XXX 






0 6143 


0 0981 




fi.8181 


0 791 


1*0149 




1*0178 

X* vx ' u 


0*9062 


1.0647 




1.1268 


1*0227 


1.1023 


1 OCA 


0.6249 


0*5466 


1.0574 




0.3456 


0.2433 


0.9386 


1992 


0.3996 


0.3747 


1.0619 


1993 


0.5948 


0.5575 


1.069 


1994 


0.7651 


0.7707 


1.0718 


1995 


0.6836 


0.8157 


1.1441 


1996 


0.9393 


1.0981 


1.1996 


1997 


1.165 


1.0257 


1.1814 


1998 


1.5612 


1.2019 


1.1614 


1999 


1.6239 


1.3208 


1.2492 


2000 


1.6959 


1.4596 


1.2754 
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does not ytefd the deep troughs predicted tn the )980's by the other tVfo 
models* The dip tn \SSU results from imperfect matching of CHR data aiKl 
the I (near demand model and probably overstates the decline* In the I990*s, 
both NSF-I and the CHR-data-based doctoral model gfve greater levels of new 
hfrtng than NSF-2* In some sense, NSF-2 gfves the "best" outlook for new 
hErtng over the perfod, since ft exhibits neither severe fluctuations nor 
very low levels of demand. The main problem Is the realism of the assumption 
that enrollment demand can grow !n a linear manner In the face of declining 
cohort size, 

Caluclation of relative new hires effectively scales the results so 
that differences in assumptions about initial values loom less prominently* 
In general, NSF*I yields slightly greater fluctuations In new hiring than 
the CHR data^based model, the greater decline In new hiring In the I980's 
being to 39 percent of )978 levels and In the I990's to 2U percent of 1978 
levels* If we look at the point estimates for 1982 and 1987, however, we 
see that the relative values of new hires are very similar for those years. 
The principal difference then, between the new hire predictions frc^ the 
two models is attributable to the different levels of new hiring* This 
difference comes from the NSF assumption that attrition rates are zero for 
the first SIX academic ages, and that thereafter one*half of the non* 
tenured faculty are promoted and one-hnlf leave. There are no non-tenured 
faculty of academic age greater than seven* The CHR-data-based doctoral model, 
oi the other hand, spreads attrition more smoothly over academic ages, 
although our gross attrition rates are very similar to the NSF, 

The importance of the differences In assi^ptlons about attrition and 
the age structure is also evident In the differences In the projected 
fraction of faculty with less than eight years of academic teaching ex^ 
perlence. These results are shovm in Tables 3*5t ^nd 3,6 for 

CHR-data-based, NSF-I, and NSF-2 and graphs of these values are shown In 
Figures 3*8 and 3-9* The CHR-data-based results are lower than the re- 
sults from either of the NSF models, In absolute value* The relative 
values however, are quite similar, and all values, even those from the 
linear demand model, show a fall of over 30 percent in the share of young 
faculty* The young investigator problem seems evident* A complete de- 
scription of the demographic evolution of the stock of faculty from 1977 
Q to 2000 from each of the models may be found In Appendix I, 
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(PROJECTIONS Of RECENT OOCTORAt FACULTY 



KIIH/KADNER USING CHR DATA 







xttt Doctoral Faculty 

1 


Relative 
Recent Doctoral Facul^ 


YEAR 


V0UN6 


TOTAL 
fH.D.'s 


RATIO 


VOUNG 


RATtO 


1977 


32219 


104376 


0*309 


1 


1 


1970 


31266 


107361 


0.291 


0.97 


0.943 


1979 


31962 


110693 


0*289 


0.992 


0.935 


1 aQ A 
I9OO 


32539 


113683 


0*286 


1.01 


0.927 


1 aO 1 


32507 


^ ^ PAA 

115508 


A ^A 1 

0*281 


V AAA 

1.009 


0.912 


1 aQo 

190^ 


34274 


116911 


0.293 


1*064 


0.95 


I9OJ 


33459 


116986 


0.286 


1*039 


0.927 


I90H 


32287 


116375 


0.277 


1.002 


0.899 




29271 


114476 


0*256 


0.909 


A A^ A 

0.828 


I90D 


26515 


112812 


0*235 


A A^^ 

0.823 


0*761 


1907 


25463 


112591 


0.226 


D.79 


0*733 


190c 


26448 


113536 


0*233 


0.821 


0*755 


1909 


28288 


115343 




0.678 


A ^AC 

0.795 


1 AAA 
1990 


27803 


114253 


0.243 


A A^ ^ 

0.863 


A ^A^ 

0.786 


1 AA 1 
1991 


26035 


111849 


0.233 


0.808 


0.754 


1952 


25241 


109935 


0.23 


0.783 


C.744 


i993 


25357 


109207 


0.232 


0.787 


0.752 


1994 


255U 


109484 


0.233 


D.792 


0.755 


1995 


24272 


109399 


0.222 


0.753 


0.719 


1996 


23972 


U0790 


0.216 


0.744 


0.701 


1997 


27316 


113392 


0.241 


0.848 


0.78 


1998 


34214 


U8187 


0.289 


1.062 


0.938 


1999 


41031 


123191 


0.333 


1.274 


1.079 


2000 


47127 


128388 


0.367 


1.463 


1.189 
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PROJECTtONS or RECENT DOCTORAL TACULTY 
NSr-l 

















tnt Doctxxrai Faculty 


ftsosnc 


Docum Faculty 


Y£AR 


YOUNG 
PH.D.'S 


TOTAL 

PH.D.'S 


RATIO 


YOUNG 
PH.D. 


RATIO 


1977 


46356 


104376 


0.463 


1 


1 


1978 


49053 


108337 


0.453 


1 Al A 

1*014 


o*y // 


1979 


49802 


112682 


0.442 


1 A^ 

1*03 


0*954 


1980 


S0251 


U6772 


0.43 


1 A^A 

1*039 


0*929 


19St 


50663 


U9707 


0.423 


l*04o 


A Al A 

0*914 


1982 


CAC*1*1 

50577 


122256 


0.414 


l*04c 


A 00^ 

0 *07J 


1983 


M A^ 1 f 

49316 


123382 


0.4 


1 A^ 

1*02 


A 0£^ 

0*oo3 


198I1 


Jl aap 0 

49058 


123465 


0.397 


1 Al C 


A OCO 


1985 


A FA1 A 

45014 


121876 


0.369 


0*931 


A *)A*) 

0*797 


1986 


41441 


120616 


0.344 


i\ OCT 
0 *03/ 


0* /4z 


1987 


^ A^ A^ 

39200 


120841 


0.324 


U* Cll 


U* / 


* AAA 

1988 


39145 


122327 


0.32 


U *Ol 


A £Al 


1989 


Jl A^> *% 

402X2 


124765 


0.322 


i\ 0^^ 
0* OJZ 


U*070 


1990 


38872 


124091 


0.313 




U*0 


1991 


J /O / J 


122046 


0.309 


0.779 


0.666 


19S2 


^ ^ ^ AC 

36605 


120506 


p. 304 




U*ODO 


1993 


36137 


120163 


0.301 


0.747 


0.649 


I99*t 


^ F A^ A 

35979 


120870 


0.298 


0.744 


0,643 


1995 


35259 


121236 


0.291 


0.729 


0.62& 


1996 


35904 


123247 


0.291 


0.742 


0.629 


1997 


39814 


126565 


0.315 


0.823 


0.679 


1998 


47615 


132342 


0.36 


0.985 


0.777 


1999 


55313 


138410 


0.4 


1.144 


C.863 


2000 


62655 


144741 


0.433 


1.296 


0.934 
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TABLE 3.6 



PROJECTIONS OF RECENT DOCTORAL FACULTY 
MSF-2 



i Relative 
Reooit Doctoral F acul;^ Recent DoctaraX Faculty 



YEAR 


YOUKG 


TOTAL 


PATIO 


YOUKG 


RATIO 




PH.O.'s 


PH.O.'s 




PH.D. 's 




1977 


48356 


104376 


0.4?;^ 


1 


1 


1978 


47084 


106369 


0.443 


0.974 


0.955 


1979 


45493 


108373 


0.42 


0.941 


0.906 


1980 


43942 


U0463 


0.398 


0.909 


0.859 


1981 


43467 


112531 


0.386 


0.899 


0.834 


1982 


42967 


114647 


0.375 


0.889 


0.809 


1983 


42306 


116372 


0.364 


0.875 


0.785 


)98l( 


43305 


117712 


0.368 


0.896 


0.794 


1985 


42821 


118707 


0.361 


0.886 


0.779 


1986 


42744 


119786 


0.357 


0.884 


0.77 


1987 


42328 


120841 


0.35 


0.875 


0.756 


1988 


42330 


121964 


0.347 


0.875 


0.749 


1989 


42311 


123106 


0.344 


0.875 


0.742 


1990 


42471 


124237 


0.342 


0.878 


0.738 


I99I 


43863 


125412 


0.35 


0.907 


0.755 


19S2 


44725 


126608 


0.353 


0.925 


0.762 


1993 


45163 


127764 


0.353 


0.934 


0.763 


199^ 


45513 


128909 


0.353 


0.941 


0.762 


1995 


46006 


130107 


0.354 


0.951 


0.763 


1996 


46612 


131345 


0.355 


0.964 


0.766 


1997 


47380 


132581 


0.357 


0.98 


0.771 


1998 


48754 


133857 


0.264 


1.008 


0.786 


1999 


49911 


135156 


0.369 


1.032 


0.797 


2000 


51187 


136475 


0.375 


1.059 


0.81 
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FIGURE 3.9 



A somewhat dramatic pres«ntation of *^he effect of the demographic 
state of the system on the careers of young investigators is presented fn 
Tables 3*7» 3*8, and 3*9, which, for each year following the Ph*0*, present 
the cumulative probabE I It tes of promotion, attrition, or staying derived 
from the Kuh*Radner model for the Ph*D* cohorts of I977f '982, and I987. 
The following two graphs give a comparative pir^ture of the experience of 
each cohort (Figures 3*10 and 3*11)* The 1977 cohort has the greatest proba* 
bllity of remaining academically anployed and achieving tenure* The 1982 
cohort has the worst experience, while the 1987 cohort enters tn time to be 
promoted when the Census^projected boom In the mld-1990's comes along* This 
difference in cohort experiences is perhaps best Illustrated by the probabil* 
tty of achieving promotion seven years or less after receipt of the Ph*D* 
These probabilities are .k\ for the 1977 cohort, *29 for the 1982 cohort, and 
*29 for the I987 cohort* The 1987 cohort, however, has a corresponding proba 
bility of *W ten years after the Ph*D*, while for the 1982 cohort this proba 
bility is only «iiO* 

Two conclusions seem warranted on the basts of all three models* First, 
unless the stock of faculty grows in a strongly counter-demographic manner, 
new hiring of science and engineering faculty wMI decline markedly in the 
19B0^S7 and the trough will be deeper to the extent that the stock of 
faculty follows the demographic changes in the college-age population^ 
Second* the share of faculty with less than eight years experience witl 
decline by at least ten percentage points betwee&i now and the mld-l980'S4 
These results may be modified somewhat by smoothing (see Appendix I) but 
in the absence of intervention, this change Is in the demographic cards. 

IV. Conclus ions 

What have we learned from these alternative simulations of academic 
demand over the next 23 years? Our feeling is that both the NSF and our 
model have their merits and that a better modelling methodology would in- 
corporate the desirable aspects of both. For policy purposes a dynamic 
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PROJECTED EXPERIENCE FOR 1977 COHORT OF hEW PH.D. FACULTY^ 



Cumulative Probabilities for Those 

Staying Prontoted Leaving Y e j ar Academic Age 

.9/12 .03)9 .0261 1978 I 

.3896 .0553 .0551 1979 2 

.8183 .0961 .0856 1980 3 

.7185 .1655 .116 I98I d 

.60 .2558 .I^^2 1982 5 

.1(238 .3'(32 .233 '983 6 

.2892 .1(103 .300l( I98l( 7 

.1973 .1(515 .3512 1985 8 

.1376 .1(758 .3867 I986 9 

.1101 .1(882 .1(0)7 1987 10 

.088) .1(993 •'))26 )988 I) 

.0702 .509*1 .i(20i( )989 )2 

.0563 .5178 .1(259 1990 13 

.01(58 .521(3 .1(299 I99I H 

.039 .5282 .1(328 1992 15 

.0339 .53)1 .1(35 1993 16 

.0316 .5333 .'•35 )99i( 17 

.0298 .5352 .1(35 )995 )8 

.0277 .5373 .'•35 1996 19 

.0252 .5398 .1(35 1997 20 

.023i( .51(16 .1(35 1998 21 

.0221 .5'^29 .'•35 1999 22 

.0208 .51(1(1 .1(35 2000 23 



Median Years of Experief>ce as Non-Tenured Faculty: 

--Of those who leave academia is: 6.296 
--Of those who are given tenure is: 6. 251 
--Of those in either group above is: 6.199 

V/ith 2.083 percent of the cohort still in non-tenured faculty 
positions in Year 2000 with 23 years of experience 

Median Experience of the Full Cohort Wi)l Lie between: 

--6.6)9 and 7.078 years 



'^eased on Kuh/Radner model using CHft data. 



PROJECTED EXPERIENCE FOR 1982 COHORT OF NEW PH.D. FACULTY* 



Cumulative Probabf I it les for Those 



Staying 


Promoted 


Leav i nq 


Year 


AcadeiR 


.9253 


.0266 


.0482 


1983 


1 


.8572 


.0*156 


.0971 


1984 


2 


.781 


.0733 


.1456 


1985 


3 


.6955 


.1156 


.1889 


1986 


4 


.6117 


.1645 


.2238 


1987 


5 


• '157 


.2234 


• 3195 


1988 


6 


.3321 


.2863 


.3816 


1989 


7 


.2385 


.3405 


.421 


1990 


8 


.1739 


.38 


.4461 


1991 


9 


AkkS 


.3981 


.457 


1992 


10 


.12'i3 


.4108 


.4649 


1993 


11 


.1079 


.4215 


.4706 


1994 


12 


• 0938 


• 4317 


• 4745 


1995 


13 


.0815 


.1(406 


• 4779 


1996 


14 


.0705 


.1(487 


.4809 


1997 


15 


.0602 


.4564 


.4834 


1998 


16 


.0548 


.4619 


.4834 


1999 


17 


.0512 


.4655 


.4834 


2000 


18 



ic Age 



Hedian Vears of Experience as Non-Tenured Faculty: 

-*0f those who leave academia is: 5.k5k 
'-Of those who are given tenure is: 6.989 
---Of those in either group above is: 6.O3I 

With 5J)6 percent of the cohort still in non-tenured 

faculty positions in Year 2000 with 18 years of experience. 

Median Experience of the Full Cohort Will Lie Between: 

-*6.810 and 8J91 years 



Based on Kuh/Radner mode) using CKR data* 
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PROJECTED EXPERIENCE FOR 1987 COHORT OF NEW PH.D. FACULTY* 



Cumulative ProbabtUties for Those 



Staying 


Promoted 


Leavi 


Year 


Academic 


.93't6 


.0)68 


.Olt87 


1988 


1 


.8768 


.0332 


.09 


1989 


2 


.8096 


.066^ 


.I2lt2 


!990 


3 


.7219 


.1269 


.1511 


1991 


It 


.61(26 


.I851t 


.172 


1992 


5 


.533 


.239't 


.2276 


1993 


6 


.It It 


.29lt8 


.2653 


199'^ 


7 


.3586 


.352 


.289lt 


1995 


8 


.2899 


.It0l2 


.3089 


1996 


9 


.2ltlt6 


.'•363 


.319 


1997 


10 


.20lt7 


.'•677 


.3276 


1998 


11 


.1737 


.'•915 


.33W 


1999 


12 


.|it88 


.5101 


.3'^I 


2000 


13 



Median Years of Experience as Non-Tenured Faculty: 

— Of those who leave academia is: 5*20^ 
"-Of those who are given tenure is: 6,90I 
— Of those in either group above is: 5*605 

With U,88^ percent of the cohort stMI in non-tenured faculty 
positions In Vear 2000 with 13 years of experience 

i 

Median Experience of the FuH Cohort Will lie Between: 
— 7-230 and IK993 years 



Based on Kuh/Radner model using CKR data. 
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(Kuh/Radner Projection Based on CflR Data) 
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mod«1 of the Kuh-Radner variety may reveal fluctuations in the demand for 
new faculty that may b« detrimental to the production of research. Such 
fluctuations may be missed if an NSF^type projection methodology Is used* 
On the other hand, the highly aggregated nature of our fnodel seriously 
limits Its usefulness* Different fields have different characteristic 
age structures of both their current faculty stock and of the production 
of knowledge* (David Ri«sman distinguishes between *VIsdom fields'* and 
**beauty queen fields'* to make this point.) A policy designed on aggregate 
data may treat everyone sensibly on average but everyone unfairly In 
particular. Thus, the f ield^by-f leld approach of the NSF is certainty 
preferable. Such an approach* however, needs Qood data If It Is to be 
success ful . 

Right now the data aren*t very good- The fundamental prediction in 
both types of model is a series of new htres that h^s a particular age 
structure, tn fact, however, data on new hiring in academla aren*t col- 
lected, let alone data relating to the age structure of these new hires* 
Our models calculate new hires as a residual. In doing so, we assume a 
given relation between baccalaureates or enrollments and faculty demand. 
We use 1977 CHR data and the NSF uses the results of a 1972-73 sample 
survey to estimate an age structure of faculty* Thus ^ new hiring depends 
on a faculty/student ratio, which we don*t directly observe, and on an 
age structure which may be changing rapidly at the lower «nd, and estimates 
of which may be subject to question. Further, we do not have a time 
series of new hires whtch would allow us to test the validity of our model 
on historical data. 

There are also data problems in projecting or monitoring institutional 
behavior. For example, suppose that the institutional response to the 
predicted decline in new faculty in the 1980*s was to increase the number 
of part-time appointments, or raise faculty/student ratios, or switch to 
a **three year up or out'' policy? How could we observe such changes from 
data collected by the CHR, NSF or NCES with enough timeliness that we 
Could make reCcMimendations for a budget that wou1dn*t be spent until a 
year latar? 
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The essenttally demographic models described In this paper are marginal 
Improvements on those described by Allan Cartter thirteen years ago- At 
the tirne^ he was protesting against naively extrapolative models* By ex- 
tending the coverage, and perhaps the frequency, of surveys such as those 
conducted by CHR and NSF, one could collect the data needed to estimate 
the demographic models properly, and to Identify those fields for which 
demographic projection is an Insufficient indicator of future trends in 
manpovtier supply and utt I izat ion. Then, hopefully, one would be able to 
formulate models that include economic feedbacks that would add to the 
richness {and accuracy!) of our methodologies. 

In spite of all these caveats, we feel that current projections In' 
dicate that there will be a significant trough in the hiring of young 
doctoral faculty during the next fifteen years, and that the situation is 
serious enough to warrant some intervention such as the Junior Scholars 
Program discussed in our earlier report. 
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APPENDIX [ 



PESUITS OF smbUTIOHS FOR 
CHR-DATA-BASED DOCTORAL MOnFL, NSF-l, AND NSF-2' 



it 

Results arc reported here for every fifth projected year* 
full set of results is available from the authors on request. 
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APPENDIX II 



CHR-OATA-BASED PROJECTIONS OF 
DOCTORATE FACULTY* 



Results are reported here for every fifth projected year, 
full set of results ts available from the authors upon request* 
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CHAPTER IV 



ALTERNATIVE APPROACHES TO MODELING THE OEMAHO FOR 
SCIENCE AND ENGINEERING FACULTY 



Donald Hernandez 
Socta) Science Research Council 

The results presented tn the two preceding papers of this volume ^re 
somewhat puzzling because^ despite their broad qualitative agreement on 
the nature of future developments in the market for science and engineering 
faculty^ the Kuh*Radner and the NSF attempts to account for quantitative 
differences in projected trends are at odds, NSF projects a smaller decline 
in hiring and in the prcportton of young faculty than does Kuh*Radner^ 
The Kuh*Radner analysis of the alternative projections implies that the bullc 
of this difference results from different assumptions about the time- 
pattern of student demography and faculty demand^ but NSF's analysis 
attributes a much smaller proportion of the difference in projections to 
this source^ citing differences in assumptions about promotion rates and 
staff upgrading as more important^ 

The purpose of this paper is to explore further the reasons for the 
differences in the NSF and Kuh*Radner projections^ Although available data 
and analyses do not permit a complete resolution of these differences^ the 
comparison of the two studies does serve to clarify similarities and dif* 
ferences in their approach^ and to point up importar»t metholodog! cal Issues 
which arise in comparing studies that differ in modeling technique's as 
well as empirical assumptions. 

To begin this discussion^ a general model for projecting the demand 
for new faculty in higher education is briefly described^ The model 
can be conceived as consisting oT two analytically distinct components^ 
a growth component and a replacement component (Cartter^ I97^> P^ 120), 
First/ since growth in the total demand for faculty Is supplied 
through hiring new faculty^ it implies a corresponding demand for new 
faculty. Similarly^ since a need to replace existing faculty is met through 
hiring new faculty, it also implies a corresponding demand for new faculty. 
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For colleges and universities^ the growth component in the demand for 
new Ph.D. faculty can be seen as depending on four factors: the size of 
the co11ege*age population^ the proportion of co]lege*age people who 
attend college, the ^acu1ty*student ratio, and the doctorate faculty* 
total faculty ratio. The replacement component can also be seen as depending 
upon four factors: the faculty death rate, the faculty retirement rate, 
the net rate at which tenured faculty voluntarily move from academia, and 
the rate of failure to obtain tenure. The extent to which a specific 
projection of the trend in new hiring is plausible depends both on the 
nature of its underlying assumptions wUh regard to these eight factors 
and on the nature of the projection model that links them. 

Before turning to a comparison of the NSF and the Kuh*Radner results, 
it is useful to summarize their approaches^ as described both in their 
papers in this volume and in their earlier work (Radner and Kuh^ 1978; 
NSF, 1979), 

1 * Radner and Kuh 

The Radner and Kuh (1978) analysis draws upon the classic work of 
Allan H, Cartter (l976) to project the demand for new doctoral faculty 
throughout academia, the setting in which the majority of scientists and 
engineers work and in which the majority of basic research is conducted. 
In order to project the demand for new faculty through growth, Radner and 
Kuh employ: (l) U.S. Census projections of the number of people in the 
prime college ages, (2) Cartter's (1976) assi^ptions about the propensity 
of the prime cotlege-age population to enroll in college, (3) ^ constant 
faculty-student ratio (I to 17)* and (4) a constant doctorate faculty- 
total faculty ratio (I to 2). To project the demand for new faculty 
through replacement, Radner and Kuh employ the following assunptions: 

(1) a constant death rate based on U,S, Public Health Service data for males, 

(2) a faculty rettrment rate which implies a median age of retirement of 
about 66 in 1976, rising to about 69 in 1983, and r&naining constant there* 
after, (3) a net attrition rate for tenured faculty that rises frcKn 

4.8 percent in 1976 to 8.7 percent in 1985 and I986, and then falls to 
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^.8 percent in )995 ^nd thereafter, and (4) a nontenured retention rate 

after seven years that falls from .7 for the 1977 cohort to about -6 for 

the 1982 cohort* and then rises to above -7 for the 1987 cohort. 

Formally* the mode) used to derive the projections Is a Harkov mode) 
with nonstattonary transition probabi ) ities. Because the va)ues of 
parameters In the mode) are allowed to change on an annual basls> the 
values of the resulting projections for a specific year depend upon both 
the particular values of the parameters for that year, and the cumu)atlve 
effect of fluctuations in the parameters during the preceding years. In 
other words, the model traces out the year by year evolution of the faculty 
age distribution* the new hiring required by growth and replacement, the 
tenure ratio* the proportion of young faculty, and other resu)ts, based 
on the values of parameters which In many cases change annually In a 
nonlinear fashion. The results of this paper refer to the entire faculty 
at all four*year colleges and universities. 

In a second paper, prepared for this volume (chapter 1)0* Kuh and Radner 
extend and refine their results by employing more recent data and by 
deriving estimates specifica)ly for science and engineering faculty. Two 
major differences distinguish the two sets of projections. First* in the 
more recent projections* the initial age and tenure distribution and number 
of doctoral facu)ty in 1975 are derived from the 1975 Comprehensive Survey 
of Doctoral Scientists and Engineers conducted by the Commission on Human 
Resources (National Research Council* 1976) Instead of the Carnegie Council's 
1975 Survey of Faculty. Second, the tota) faculty size is scaled down to 
a value consistent with the baseline science and engineering faculty stock 
of the NSF (1979} data base for 1977. With these changes* Kuh and Radner 
derive a new set of projections. 

The resulting analysts Implies that the annual demand for new science 
and engineering doctorates will drop by about 46 percent between 1978 and 
1985* will rise to roughly Its former level by 1989* but then wMl fa)l 
precipitously by 1991 to 35 percent of the 1978 level (chapter IN). More- 
over* the ratio of recent to total Ph.D. science and engineering faculty 
is projected to fall to an average of 25 percent below its 1977 level be- 
tween 1987 and 1996 (chapter III). Insofar as young scholars and/or 
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continuity in the age structure of science and engineering faculty are 
necessary to the health and productivity of basic research, these trends 
Suggest that without policy intervention the vitality of science in the 
U.S. may fall short of its potential during the cocning years. 

Perhaps the most obvious lilnit^tion of these projections is the 
method of deriving colleQti and university enrollment. The procedure 
assumes that fluctuations in enrollment are determined primarily by 
fluctuations in the size of the prime college-age population, but the 
demand for college graduates due to economic change might also influence 
the college enrollment rate. 



For the purpose of this analysis, the National Science Foundation (NSF, 
1979) projections can be distinguished from those of Radner and Kuh in four 
important respects. First, the NSF projects the demands for science and 
engineering doctorates both for higher education and for other sectors of 
the economy. The projections for higher education are discussed here. 
Second, the NSF develops a separate forecast for each of the broad fields 
within science and engineering, and combines the results to obtain an 
aggregate projection. Third, the NSF bachelor's degree projections that 
underlie its total faculty demand projections are derived without ex* 
plicitly incorporating distinct mathematical assumptions regarding the 
future size of the prime college-age population. Fourth, with regard to 
most of the basic parameters and modeling procedures, the NSF assumes 
either constancy or a linear pattern of change over time. 

In order to project the demand for new faculty in the physical sciences, 
the mathematical sciences, the life sciences, and engineering, the NSF 
begins by regressing past numbers of faculty in each field on both past 
numbers of bachelor's degrees and a tFme trend variable related to past 
bachelor's degrees. Projections of future bachelor's degrees are then 
inserted into the regression equations to obtain projections for the future 
faculty size of colleges and universities. The degree projections that are 
u'^ed for the physical sciences, mathematics, and the life sciences assume 
that "trends existing as of 1976 in the numbers of baccalaureate degrees 
awarded by field and sex will continue through 1987, The rate of change, 
however, is assumed to be one-half the current rate (NSF, 1979, P* 2)," 
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Engineering degrees are piojected with an econometric approach that links 
degree awards to market conditions (NSF» I979» p. )9). For the social 
sciences, it is assumed "that total social sciences staff will remain 
constant during the projection period (NSF, 1979, P- 12).'* These pro- 
cedures produce a relatively large rise in the projected number of bachelor's 
degrees and a projected Increase of six percent In total faculty sire 
between 1977 and 1987. 

In chapter H above, the NSF projects the demand for new faculty through 
replacement by assuming: (1) a constant Jeath rate (the Teachers Insurance 
and Annuity Association (TJAA) death rate for males), (2) a faculty retire- 
mettt age of 66 years, (3) a zero percent rate of moves of tenured faculty 
out of academia, and (k) a rate of failure to obtain tenure of 50 percent 
after seven years. Finally, it is assumed that 85 percent of all new 
hires will have Ph.O.'s. The baseline faculty age distribution is based on 
the 1973 American Council on Education (ACE) Faculty Survey* 

With the single exception of engineering degrees, the NSF projection 
procedures thus assume that the values of all the basic parameters In its 
model either change in a linear fashion between 1977 and 1987, or do not 
change at all. From these calculations, the NSF concludes that the pro- 
portion of faculty who are young will drop from .^#1 in 1977 to .33 In 1987*-^ 
This 20 percent decline in the proportion of young faculty is considerably 
less than the 27 percent decline projected by Kuh^Hadner (chapter III) 
for the same period. 

H J . A Comparison of the Ku'^'Radner and NSF Prujections 

Perhaps the two most obvious questions that emerge from a comparison of 
the HSF results to the Kuh-ftadner (chapter HI) results are the following. 
Why do both projections suggest that a sharp decline wilt occur bef:ween 1977 
and 1987 in the proportion of doctoral science and engineering faculty who 
are young? Why does the Kuh-Radner projection suggest that the decline 
will be considerably more precipitous than KSF suggests? 

The f^wofi^ld answer to the first question is student demographics and 
faculty demographics. As a consequence of the postwar baby boom, the number 



^ This change in proportion of young faculty is not reported In 
chapter H, but It was included in a personal communlcction from 
O Charles Falk to Fred Balderston (chairman of the Forecasting Workshop), 

ERJC Hay 19, 1979. 



of people aged 18 to 21 jumped by nearly 60 percent between 1957 and 19^7 
and by an additional 20 percent between 1967 arid 1977 (Cartter, 1976, 
pp. 38"39) . These increases were a fundamental force driving the rapid 
rises in college enrollments and hence total faculty demand during these 
two decades. The related consequences were a high rate of new faculty 
hiring in colleges and universities, and by 1977, a relatively young 
faculty age distribution. Between 1977 and I987> however, the prime 
college-age population is projected to fall substantially (Radner and Kuh, 
1978). Consequently, both the NSF and Kuh-Radner project an, at least 
temporary, end to the sharply increasing enrollments that prevail. The 
result is a decline in the rate of hiring new faculty through growth 
and an aging of the faculty as a whole. 

The effects of these student demographics are magnified by faculty 
demographics. Because college and university faculty were relatively 
young by I977t due to relatively rapid hiring during the preceding two 
decades, they will experience relatively little attrition due to death ^nd 
retirement during the following decade, and new faculty hiring through 
replacement will be relatively slight. The combined effect of these student 
and faculty demographics between 1977 ^nd 1987 the projected slowing of 
new hiring and rhe concomitant aging of the faculty. 

The answer to the second question — Why do Kuh-Radner project a 
considerably more rapid fall in the proportion of faculty who are young than 
does the NSF?""remains to be found. Answers can be obtained from the 
analyses presented by the NSF (chapter M) and by Kuh-Radner (chapter Ml), 
but they are quite different. The aim of the fotlowtng discussion is to 
describe the source of the differences and to provide a solution to the 
apparent d i lemma* 

it is useful to begin with a description of how, other things being 
equal, we would expect differences between the NSF and Kuh'Kadner in 
the eight major parameters to affect projections of new hiring and of the 
proportion of faculty who are young. 
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First, the net effect of the Kuh^Radner assumptions regarding 
fluctuations in the stze of the college^age population, changes in the 
proportion attending college^ and the magnitude of the facul ty*student 
ratio is to produce a projected increase tn total faculty size in I987 that 
Is one percent above the 1977 level. in contrast, the NSF assumption 
that linear trends in the number of bachelor's degrees will continue (at 
one*half the pre-1976 rate), when combined with the regression equations 
tt uses to link bachelor's degrees with faculty demand, produces a pro* 
Jected demand in total faculty that increases six percent during the 
decade. Because the NSF projections call for more rapid faculty 
growth, the NSF projections indicate a correspondingly rapid rate of new 
faculty hiring. This difference between the NSF and Kuh-Radner pro- 
jections implies that, ceteris paribus , the age distribution of faculty 
according to the NSF projection will be relatively young in 1987, compared 
to that projected by Kuh-Radner. Although both projections call for 
a decline in the proportion of faculty v^ho are young, this difference 
between the two projections should lead to a slower decline for the NSF 
proj ectton. 

Second, the NSF assumes that 85 percent of all new faculty hired will 
have a Ph.D. Kuh*Radner assume that the present level of 50 percent 
Ph.O.'s for all faculty will apply to future new hiring. The result of 
this difference is that, ceteris paribus , the NSF would project a 
larger number of new Ph.D. 's hired than would Kuh and Radner, resulting 
in a slower NSF decline In the proportion of faculty who are young. 

Third, the NSF obtained its estimates of faculty death rates from 
TIAA data for males. Radner and Kuh employ U.S. Public Health Service data 
for males^ Since faculty death rates are less than those of the general 
population^ this difference in assumptions suggests that » ceter 1 s paribus , 
the NSF should project less new hiring and a faster decline in the pro- 
portion of young faculty. 

Fourth, the NSF assumes that a1 1 facul ty will reti re at age 66. Kuh 
and Radner assume a rise in the median age of retirement from about 66 in 
1976 to about 69 in I982. Because the earlier retirment assumed by the NSF 
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moves senior faculty out of academta more quick)y» it tends to produce a 
doctoral faculty wtth a younger age dtstrtbutton, and a slower decline in 
the proportion of young faculty. 

fifth, the NSf assumes no net movement of tenured faculty out of 
academta (other than through retirement or death) » but Kuh and Radner 
assiATie a positive movement out that rises and then falls during the 

projection period. This difference would tend to produce an older 
age distribution for the NSf projections^ and a more rapid decline 
in the proportion of young. 

finally^ the NSf assumes that 50 percent of all new faculty are 
retained after seven years^ and 50 percent leave the system during the 
seventh year. Kuh and Radner assumptions imply that 70 percent of the 1977 
cohort will still be In academia after seven years. The NSf assumption^ 
that a Smaller proportion of new hires will be retained after seven years, 
implies relatively more new hiring to replace them> and hence a relatively 
young age distribution by 1987, and a slower decline in the proportion of 
faculty who are young. 

In sum, differences between these studies in the effects of six of the 

eight major assumptions imply that compared to Kuh^Radner projections, the 

NSf age distribution of faculty would be younger and the proportion of young 

2/ 

faculty would fall more slowly.- It is not surprising, then, that the ratio 
of young doctoral faculty to senior doctoral faculty falls more slowly ac* 
cording to NSf projections, 20 percent versus 27 percent. This analysis 
does not account for any differences in the results that derive from the 
alternative modeling procedures employed, however. Nor does it indicate 
the relative importance for the magnitude of the final results of differences 
in the assumptions about specific parameters. CFscussion turns to these 
issues . 



-Although a difference in definitions of recent and young faculty Is 
noted by the NSf in chapter II of this volume in its comparison of NSF (l979) 
and Radner and Kuh (l978) results, Kuh and Radner (chapter III) employ the 
same definition of recent and young faculty as the NSf, and the distinction is 
not pursued further here. With this change, the NSf (chapter ll) analysts 
may be translated into a comparison based on Kuh and Radner (chapter Ml) as 
summarized in Table ^.1. Although different initial age distributions of 
faculty in the two sets of projections are also of some Importance, the 
Q impact of this difference cannot be asccrta ined j^rom information at hand. 
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Based on the results in Table ^.1, the WSF (chapter M) analysis Implies 
that differences in the proportion of nontenured staff retained and in the 
doctorate faculty-total faculty ratio account for most of the difference 
between the NSF results and the Kuh-Radner results* In contrast, the 
comparisons developed by Kuh and Radner seem to imply that differences in 
the time profile in the total number of staff employed are overwhelmingly 
important in explaining the sharper decline in the proportion of young 
faculty projected by Kuh and Radner* Why are these interpretations quite 
different? Before answering this question, it is necessary to discuss the 
manner in which these interpretations are obtained. 

The NSF derived its estimates of the importance of differences in each 
of the parameters with the following procedure*^^ For each parameter, the 
NSF began with its own model and then substituted for the NSF value of a 
specific parameter the value employed by Kuh-Radner. Because Kuh- 
Radner values were substituted for NSF values one at a time, this pro- 
cedure answers the following question* Given the specific methodological 
procedures of the NSF model, and given the array of NSF assumptions 
regarding parameter values, what is the effect on the final results of 
substituting the Kuh-Radner values for one specific parameter? This 
question is, in effect, asked individually for each of the parameter values 
tested and the results are presented by the NSF in chapter II and in 
Table 

Although this procedure allows the NSF to distinguish the impact of 
differences in parameter values given its basic model, it does not allow 
the NSF to assess the Joint effect of differences between the NSF approach 
and the Kuh and Radner approach both with regard to parameter values and 
with regard to modeling procedures that define the way in which parameters 
are linked to each other. For example, the NSF model assumes that changes 
in most of its basic parameter values occur in a linear fashion (or not 
at all), ^ore specifically, the NSF assumes that (with the exception of 
engineering) changes in the total number of faculty required for each field 



^ Personal coinmunication with Larry Lacy of the NSF. 
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DIFFEHEHCES BETWEEN HSF AMD KUK-RAD»ER 
PROJECTIONS OF RECENT'* FACULTY RATIOS 

HSF KUH--RADNER DIFFERENCE 

1986-87 RECENT FACULTY PERCENTAGE 33* 19% 14% 

ESTIMATED DIFFERENCE FROM 

NSF PROJECTION MODEL CUMULATIVE 
SOURCE OF DIFFERENCE (IN PERCENTAGE POINTS) DIFFERENCE 

TOTAL -14 

PROPORTIOtl OF NC»ITENURE STAFF RETAINED -7 -7 

ABSENCE OF STAFF UPGRADING -4 -11 

NUMBER OF ACADEMIC STAFF EMPLOYED '3 -14 

DEATH RATES +2 -12 

RETIREMENT AGE -1 -13 

UNACCOUNTED FOR -1 -14 



Source: Derived from NSF data in chapter H as described In text. 
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occur tn a strictly linear fashion. Consequently^ in estimating fhe 
Impact on the proportion of faculty who ar^ young of a shift to Kuh" 
ftadner enrollment and total faculty size assumptions^ the N$F notes that 
by t987> total faculty demand In the Kuh-Radner analysis ts one percent 
more than the 1977 value. Hence» the N$F replaces Its six percent estimate 
In its model with the one percent estimate assuming^ in effect^ that the 
corresponding change projected by Kuh and Radner was a linear one. 

This procedure poorly reflects the trend In the Kuh-Radner 
estimates which implies a seven percent growth In total faculty demand 
between 1977 and 1982, followed by a decline of roughly six percent 
between 1982 and 1987. The rise and the fall in faculty demand, as pro* 
Jected by Kuh*Radner, are due to shifts In student demographics asso* 
ci^ited with fluctuations in the number of people in the prime college 
ages, shifts which the N$F procedure does not explicitly take Into account. 
Such nonl**^ear changes in total faculty demand and the resulting changes 
In new hires have an important effect on the projections of the faculty 
age distribution* The inability of the NSF procedure to assess the Impact 
of such nonlinear changes limits the value of the NSF analysis as a means 
of assessing the reasons"parameter shifts and niodeling procedure dif* 
ferences"that explain why Kuh and Radner project a relatively sharp fall 
In the proportion of faculty who are young. 

In assessing the importance of parameter differences and methodological 
differences between the two sets of projections^ Kuh and Radner employ a 
different approach. They develop three sets of projections* The firsts 
referred to as the CHR-data* based doctoral model, \s the one described 
above in the section on their projections. It suggests that the proportion 
of faculty who are young will decline by 27 percent between 1977 and 1987. 

The second projection, referred to as NSF-I» employs NSF (1979) parameter 
values and baseline data, and takes as given the total faculty stock estimate 
of the NSF for 1977 and the NSF projected value of the stock for 1987. 
It further assumes, however, that total faculty stocks fluctuate through 
time according to the pattern developed in the CHft-data*based doctoral model. 
This is equivalent to substituting the Kuh-Radner assur*^tion regarding the 
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nature of fluctuations in student demographics and total faculty demand 
for the actual KSF assumptions of nearly linear change. In addition, the 
NSF-'I modeling procedure allows promotion rates, death rates^ and retire* 
ment rates to act through the changing annual projections of the age/ 
tenure distribution of the faculty, distinguishing it from the NSF modeling 
procedure which uses simplifying "linear change" assumptions. 

The third projection, referred to as NSF-2, also employs NSF parameter 
values, baseline data» and total faculty stock estimates for 1977 and 
1987, but it also takes as given the NSF projections of the 1982 total 
faculty stock. It then interpolates linearly between the 1977 and 1982 
faculty stocks and the 1982 and 1987 faculty stocks. This assumption fs 
consistent with the NSF assumption regarding student demographics and 
total faculty demand. As in NSF-^I, NSF-2 allows promotion, death, and 
retirement ^ates to act through the changing annual projections of the 
age/tenure aistr ibution. 

Kuh and Radner were not able to replicate some of the NSF data and 
procedures, however. Specifically, instead of using the age/tenure dis- 
tributions employed by the NSF, they substituted the CHR-data-based dis- 
tribution, and instead of employing the NSF doctoral/nondoctoral faculty 
structure, approximating assumptions were substituted. Aside from these 
deviations from the NSF model and the application of promotion, death, 
and retirement rates to each annual projection of the faculty distribution, 
NSF-'2 is designed to replicate the actual NSF parameter values and pro-^ 
cedures. 

The only difference between the derivation of NSF-I and NSF-2 is that 
NSF-1 is derived with the Kuh-Radner student and total faculty demand 
dynamics but NSF-2 Is derived with procedures that replicate the actual 
NSF student and faculty demand dynamics. In other words, NSF-I assumes 
that student enrollments and total faculty demand respond through time 
primarily to changes In the size of the prime college-age population. In 
contrast, NSF-2 assumes a nearly linear Increase In the number of bacca- 
laureate degrees awarded, which may be viewed as a proxy for student enroll- 
ments, and linear changes In total faculty demand. 
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Consequently^ the difference between NSF^I and NSF^2 in the percentage 
decline in the proportion of faculty who are young can be seen as estimating 
the impact of the difference between the Kuh-Radner assumptions and 
the NSF assumptions regarding the time pattern of student demographics 
and total faculty demand. Subtracting the NSF-1 value of 2^ percent 
from the NSF-2 value of 30 percent, produces an estimated impact of six 
percent. Since the difference between the actual NSF (1979) estimate of 
this decline (20 percent) and the Kuh -Radner estimate froni the 
CHft*data*based doctoral model (27 percent) is seven percent, one can 
attribute 6/7 of the difference to the fact that Kuh-Radner and the 
NSF employ different assumptions regarding student demographics and tota) 
faculty demand. This is much larger than the corresponding estimate of 
3/14 obtained from NSF calculations above. Why Is there i3 large difference 
between thesa two estimates and the corresponding Interpretations? 

In both the NSF mode of comparison and the Kuh-Radner mode of 
comparison, the magnitude of the estimated effect of a specific difference 
in a parameter value or a modeling procedure ts influenced by both the 
other parameter values and the particular modeling procedure actually em- 
ployed in developing the comparison. In other words, the magnitude of 
the 3/14 estimate of the NSF depends partly on the importance of the dif-^ 
ferent student demography and faculty demand assumptions, but it also 
depends partly on other specific parameter values and the modelinri procedure 
the NSF employs in deriving the 3/14 estimate. Similarly, the 6/7 estimate 
derived from the Kuh and Radner mode of comparison depends partly on the 
importance of the different student demography and faculty demand assumptions, 
but it also depends partly on the other specific parameter values and the 
modeling procedure that Kuh and ftadner employ tn deriving the 6/7 estimate. 

In short, an unequivocal answer cannot be derived for the question, 
**Why do Kuh and Radner project a sharpor drop in the proportion of faculty 
who are yovr^gl** This entanglement of differences in assumptions and in 
modeling procedures is a familiar problem in other contexts, including 
macroeconomic forecasting. The controversy between the monetarists and the 
Keynesians about the relative importance of fiscal and monetary variables 
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In affecting the level of economic activity is an example. This controversy 
has defied resolution partly because the two camp*> disagree not just about 
empirical assumptions and results^ but also about the appropriate frame-' 
work to employ in modeling the economy* 

Lacking a method to resolve conclusively the question of why pro* 
jections of the proportions of young faculty differ^ the most reasonable 
approach may be simply to average the answers offered by NSF and Kuh' 
Radner^ on the assumption that this procedure roughly averages the effects 
of the other differences in modeling procedures and assumptions. If this 
solution IS adopted as the most reasonable convention, It suggests that 
the differences in student demography and faculty demand assumptions 
between the NSF and the Kuh"'Radner projections account for about half 
of the difference in the percentage decline between 1977 ^nd 1987 i*^ the 
proportion of faculty who are young. This resolution to the problem 
suggests that the different assumptions ulth regard to student demographics 
and faculty demand are important, probably the most important, parts of the 
explanation for the difference in the results from the two sets of pro- 
jections. If so, the relative plausibility of these assumptions is a 
crucial factor in determining the relative plausibility of the results. 
In the judgment of this observer, the trend In student enrollments and hence 
the trend in total faculty demand assumed by Kuh and Radner appears to be 
more plausible than the NSF assumptions regarding these trends. 

As noted above, the Kuh'Radner projection explicitly assumes that 
college enrollments will respond to future nonlinear fluctuations in the 
size of the prime college-age population. Th^ NSF, on the other hand, does 
not incorporate explicit mathematical assumptions regarding these fluctuations, 
but instead linearly extrapolates past trends in the nurhber of bachelor's 
degrees for each field (at one-half the pre-1976 rate).- The result is 
projected estimates of the total future number of bachelor's degrees that 
increase linearly through time, (f^ instead, the number of bachelor's degree?; 



- Engineering degrees are the excepcion, as discussed above. It should 
also be noted that the NSF (1979) does compare the results of its degree 
projections for science and engineering to the rosults of projections 
developed by the National Center for Education Statistics (nCES, 1978) for 
all bachelor's and first professional degrees. It finds the result to be 
consistent with historical data. It has been argued elsewhere (Hernandez, 1975), 
that the NCES projections may also overestimate future enrollments, however. 
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responds to fluctuations In the size of the prime collegc-age population, 
this NSF assumption wlIU othe^^^hings being equal, tend to produce an 
overestimate of the future number of bachelor's degrees, of the future 
total demand for doctoral faculty* and of future hiring* The consequence 
would be an underestimate of the future decline In the proportion of 
science and engineering faculty who are young. 

IV. Conclusion 

The two recent projection studies discussed here Indicate that, with 
the impending halt to rapid increases In student enrollments, and with a 
faculty age distribution which Implies relatively little faculty attrition 
due to death and retirement* hiring of doctoral science and engineering 
faculty In U.S. i.olleges and universities will fall sharply during the 
next decade. The studies Indlccite that a major consequence will be a 
1977*87 decline of between 20 and 27 percent In the proportion of doctoral 
faculty )fA\o are young* 

The present review suggests that one Important* perhaps the most Im* 
portant* determinant of the difference between the 20 percent estimate of 
the NSF study and the 27 percent estimate of the Kuh-Radner study lies 
In their different assumptions regarding the responsiveness of future 
student enrollments and bachelor's degrees to fluctuations In the number of 
people In the prime college areas* Since Kuh and ft^dner assume greater 
responsiveness to these fluctuations, their estimate appears to be more 
plausible. 

Despite the important differences between the results of the studies* 
however, tiie general agreement between them regarding the trends In new 
hiring and the aging of *>cience and engineering faculty should De empha* 
sized. To the extent that either a flaw of new faculty Jnto colleges and 
universities or continuity in the age structure of faculty is important 
to the health and vitality of science and engineering In the U*S** the 
projected changes do not bode well for the vigor of basic research during 
the coml ng years* 
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CHAPTER V 



THE JOB MARKET FOR COLLEGE FACULTY^ 

Richard Freeman 
Harvard Unlversilty 

The state of the academic job market has long received attention from 
academics, with committee 2 of the American Association of University 
Professors reporting for several decades on the economic status of the 
profession* The sluggish growth of demand for faculty in the I970's and 
anticipated decline in demand in the I980's (Cartter, 1976) have led to 
more widespread concern about the academic market place, particularly 
with regard to the ways in which colleges and universities respond to 
depressed conditions. 

The purpose of this paper Is to examine the operation of the academic 
job market and evaluate the potential mode of adjustment to the changes 
of the I970's and I980's, Part 1 analyzes several distinctive features 
of the academic market and considers how they condition the process of 
adjustment to changes over time. Part 1 1 presents an empirical analysis 
of developments in the faculty market from the I920's to the I970's and 
develops a small econometric model to evaluate the effect of changes in 
enrollments and In the supply of potential faculty on salaries and employ- 
ment. 

The major finding of the paper is that the faculty job market is 
highly responsive to changes in the state of higher education, with 
salaries and employment being greatly influenced by changes In demand atig 
supply conditions, though with some distinctive institutional peculiarities* 



This article represents a substantive revision and updating of "Demand 
for Labor fn a Nonprofit rt^srket; University Faculty" which appeared in 
0* Hamermesh, ed,» Labor in the Public and Nonprofit Sectors (Princeton 
University Press, 1975a) , 
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I , Characteristics of Faculty Job Market 



The labor market for college and university faculty has certain distinct 
characteristics which affect the operation of the market place: the employing 
institutions are nonprofit enterprises; both employers and faculty are 
extremely concerned with quality issues; the internal market of colleges 
and universities limits variation in salaries acrosi fields and is marked 
by lifetime employment contracts; the future supply of faculty is ^'produced** 
within the system; the scale of higher education depends on the demography 
of the population^ This section analyzes the effect of each o^ these 
distinguishing characteristics of academe on the functioning of the ^ 
faculty market, particularly on the responses of the system to declines 
in demand. It shows that, for various reasons^ the faculty market is 
likely to be highly sensitive to exogenous ^'shocks/* with much of the 
burden of adjustment falling on young faculty and potential faculty, 

A* Nonprofit economic Behavior 

It is often asserted that nonprofit institutions, tike colleges and 
universities, are less responsive to market conditions than comparable 
profit-seeking firms* The model of nonprofit behavior developed here 
seeks to dispel this preconception* It demonstrates that the nonprofit 
budget constraint, which requires that expenditures equal receipts, actually 
increases responsiveness to economic Incentives, making employment and 
wages in existing institutions more responsive to market ups and downs in 
the shott*run than would otherwise be the case; while the entry and exit 
of new Institutions give academe and other nonprofit employers s imi lar 
long-run demand curves to those of profit-seeking enterprises, 

fhe effect of the nonprofit budget constraint on adjustments to market 
conditions can be most readily analyzed with thfr standard cost curve ap- 
paratus of price theory. En terms of cost curves, there are two distin" 
gulshlng features of nonprofit enterprises. First, as Figure 5*1 shows. 
If the nonprofit enterprise has no required entrepreneurial return, its 
cost curve will lie below the curve of the comparable profit-seeking 
firm (Ac'< AC), leading to greater output (Q2>Qq at price F^) and hence 
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PRODUCTION UNOER THE 2ER.'>-PR0FIT CONSTRAINT 




For-profit short-run supply cun-'e 
Nonprofit shorfrun supply curve 
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employment. Even if the nonprofit enterprise requires a normal retgrnA^ 

output win be greater in the region where profits are above norma) 

(P >PqK essentially because the nonprofit constraint requires that 

potential excesses of receipts over costs be spent. Second, since profits 

must be zero» the nonprofit firm will be governed by average rather than 

marginal cost considerations, at least In regions of potential profits, 

2/ 

operating along the AC rather than HC curve,^ But, as is obvious 
In Figure 5,1* the AC curve Is more elastic (less steeply sloped) than the 
HC curve, which implies greater responses to changes in prices and costs, 
including faculty salaries, than would be the case under marginal cost 
behavior, Heuristlcally, when the academic market experiences a boom, 
colleges and universities will increase faculty employment more than 
would comparable prof it*seeking Institutions because they will spend what 
would have been profits on additional faculty while, conversely, in a 
market decline, they will reduce employment more because of the absence 
of a **buffer*' in the form of profits. 

As is demonstrated formally tn Freeman {I975a), the differential 
elasticity of the cost curves translates into: 

Proposition I : By requiring average rather than marginal cost behavior, 
the nonprofit status of colleges and universities makes short-run demand 
for faculty more elastic with respect to wages and to shifts In enrollment 
than would otherwise be the case. 

With a more elastic demand curve, moreover, it can be readily shown 
(Freeman Id75a) that: 

ProposI tion 2 : Employment of faculty should, because of the nonprofit 



^ It is unclear whether or not the normal entrepreneurial return Is to 
be included as a cost of the for-profit firm, making its operation more 
expensive than that of the nonprofit enterprises. If entrepreneurial 
return is only a reword for risk^holding, and risks average out in an 
industry, we would not want to include It, If, on the other hand, the 
entrepreneurial return Is a reward for '-^founding" an enterprise requiring 
future 'Vnonitoring," the "free" founding of nonprofit Institutions by 
donors and gratis trusteeship reduce the cost of nonprofits. They face 
a lower price of entrepreneurshl p in the market as a result of their 
nonprofit status^ 

2/ 

— Formally, where = elasticity of average; £^ = elasticity of 
marginal cost curve and elasticity of returns to scale, = + 
So that €^<0 due to the U-shape of the cost curve, £^ 

9? 
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status of academtc institutions, be more responsive to shifts in demand 
and supply than would be the case in a comparable for-profit market white 
wages ^shouId be more responsive to shifts in demand and less responsive 
to shifts in supply* 

White the arguments and model that underlie these propositions may 
ignore too many features of acadeniia to provide a useful guide to actual 
behavior, they make clear that, contrary to widely held opinion, non* 
profit status per se does not imply tack of responsiveness to market 
incentives. 

The Subsidy.Harket and Budget Constraint 

The importance of the nonprofit budget constraint and of subsidies 
as part of the constraint suggest the value of a more detailed took at 
those factors in the operation of colleges and universities* To begin 
with, Table 5*1 tabulates the receipts of all acadeniic institutions by 
public and private status, respectively, in 1973* The figures show that 
overall, most of the revenues of colleges and universities come from 
9overnmentaI sources, with just 27 percent received as tuition and fees 
from studehts* Decomposed by type of Institution, we see that over half 
of the funds of public colleges and universities (which dominate higher 
education) ccmne from state governments, while by contrast, the budget of 
private institutions is highly dependent on tuition and fees, although 
nearly 20 percent is obtained from endowment and gifts. 

The clearcut dependence of public institutions on public subsidization 



and the marked but less striking dependence of private institutions on 
various private subsidies suggest the value of examining In some detail 
the mechanism by which those subsidies are awarded to schools. The key 
analytic distinction is between funds *'patd" for particular outputs, which 
can be viewed as purchase of those outputs at some price, and funds re* 
ceived Irrespective of institutional act ivi ty*^''^ 



^ In many cases, subsidy prices are explicit, for Instance, when a 
state pays Institutions on a per student basis* 
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TABLE 5.1 



CURRENT FUND EDUCATIONAL AND GENERAL REVENUE 
INSTITUTIONS OF HIGHER EDUCATION BY CONTROL, 1972-1973 





AU 


Pubtic 


Private 




ln$tUution$ 


Itutitutiotu 


Itutitutiotu 


ToUl EdiicftUoii«t and Gftneral 










100.00 


100.00 


100.00 


Tuition and ftcc 


27.1 


16.6 


49.9 


F«d«Tal covtmnwnt 


15.4 


15.0 


16.1 


Unicstrteted 


3.5 


4.0 


2.2 


R«fc«rcfa and othar 








tpottsocad program 


11,9 


11.0 


13.9 


State go vamiiiants 


35.8 


51,2 


2.4 


Local fovenunants 


5.2 


7,1 


.8 


Qidowment caminfi 


2.3 


.5 


6.4 


^ivate ftfts and grants 


5.8 


2.5 


13,2 


Other 


8,4 


7,1 


11.2 



Soiirc«: U.S. OfTice of Education (1976:^ 222, tsbia 115). 
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Subsidies awarded for particular outputs or activities establish a 
subsidy market where subsidlzers and nonprofit firms trade dollars for 
goods. The supply of subsidies to the market Is an upward*s toping curve 
linking dollars to outputs In accord with subsldlzer demands for nonprofit 
goods* In this market^ shadow prices are attached to particular outputs 
and are Important elements in the overall price of the good. Influencing 
employnient and production decisions. The appropriate budget constraint 
for Institutions which receive subsidies for specific output is: 

G + tE + SE * WF + Pj^R (5J) 
where t =* tuition 

S = subsidy per student 

E » enrollment (assumed for simplicity to be the only output of concern) 

W = wage of faculty 

F ~ number of faculty 

R * other resources 

Pj^ =• price of other resources 

G = fixed receipts (endowments^ etc.}* 

If, as Table 5.1 shows, subsidy markets are se^nented with state aid 
going to public institutions for certain goods (number of students) and 
private aid to private colleges, subsidy prices will differ by source and 
institution. This may explain some output and behavior differences among 
Institutions. Differential financing arrangements will, in any case, provide 
Important clues to institutional activities and decisions. In the extreme 
situation of restricted or t 1 ed mon 1 es (donations for buildings, professorial 
chairs in American studies, etc.) there Is a one*to*one correspondence of 
^unds to inputs or outputs. If, as seems to be true» donors prefer tangible 
Capita) goods to less tangible purchases of student or faculty quality, 
the price of such capital will be low and buildings, stadia, etc*, ex* ' 
cessive In terms of optimal (unrestricted) budget decision-making. Physical 
plant may, accordingly, be '^jnderutl 1 ized." 

What is important about subsidy markets Is that they make nonprofit 
receipts dependent on market transactions, and not, as might appear to be 
the case, on exogenous funding. The empirical problem in using subsidy 
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prices to explain phenomena ts the absence of expltctt price data and 

V 

possible confounding of differences In prices and utility functions.— 

Fixed endowment Income or other receipts unrelated to output can be 

expected to have a distinct effect on the price or tuition policy of In* 

stitutions. When costs Increase* revenues obtained from fixed sources 

cannot be altered* so that Institutions wIM be forced to raise tuition 

by larger amounts than If a1) of the budget had come from variable sources. 

Formally* tf the fixed receipts constitute B percent of the academic 

budget constraint* then an Increase In costs of one percent should raise 

the price of output by (l/l-B) percent. We would expect* therefore* 

tuition charges to be highly responsive to faculty salaries and other 

5/ 

costs* particularly in the private sector.-^ 
Entry and Exit 

In the long*run* demand for inputs and wage and employment adjustments 
depend on entry and exit conditions in an industry* If new enterprises 
enter whenever existing tnstttuttons have receipts above costs at the 
minimum average cost point * as occurs in competitive markets* firms will 
operate at the minimum point In the long*run and have factor demands 
appropriate to that equilibrium* If it can be argued that entry and exit 
of colleges and universities are governed by the possibility of average 
receipts above the minimum average costs* then demand for faculty }n the 
lonQ^run will be the same in academia as in a comparable for-profit marke*** 

In higher education* the organizations that subsidize academta* 
notably state governments* have traditionally performed the entrepreneurial 
function of forming new enterprises. As long as the states seek to obtain 
desired output {places for students) at the lowest cost* It can be readily 
demonstrated that they will tend to create new colleges whenever costs 
rise above the minimum (AC>AC) for when this occurs the subsidizers can 



-- While confounding could be Important in comparing Institutions at a 
point In time* time series data on* say* governmental funds can be used to 
infer changes In "subsidy prices" over time* 

- Since only t changes, balancing the budget requires a^t » a^^W* which 
leads to the possibility that increases in academic salaries could raise 
tuition more than the salary increases in percentage terms. 
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obtain (l/AC - l/AC) nore output per dollar by reducing subsidies to 
existing institutions and using the funds to form new ones^ Haximization 
of output per subsidy dollar and rational subsidy behavior guarantee an 
Infinitely elastic supply of Institutions (barring luniplness) at the 
mlnitnum point AC. While the argument focuses on average cost as the 
motivating force^ the particular way in which excessfve costs influence 
behavior wit) depend on the Institutional structure of the market* If 
tuition (t) Is fixed (as In some state universities)^ shifts in the demand 
for education will not alter AC but rather the number of applicants re-" 
Jected by universities* The resultant "shortage" of places will then 
motivate entry in the samejnanner as excessive cost in the preceding 
discussion. Geographic transportation and residence costs, coalescing 
In demands for local colleges, offer another specific impetus for n€w 
colleges and universities. 

Table 5.2 examines the number of Institutions in the higher education 

market in the period under study. It shows a striking increase in the 

number of colleges and universities from I960 to 1975, when over t^OOO new 

educational institutions were formed, primarily by public bodies at the 

Junior and community college level- The rapid influx of institutions 

suggests that the supply of public colleges and universities is very 

elastic with respect to the demands of students and their families and to 

the economic conditions underlying those demands, and thus that the long^ 

run demand model is more relevant to changes over time than might initially 

be expected. While the usual arguments about sunk cost imply that exit 

will be a more sluggish process, there is some evidence of a marked change 

In the I970*s. Between 1970 and 1975, colleges closed and 30 ended 

6/ 

independent status by merger^— Many states began the task of reducing 
proliferating graduate programs and relatively few planned on expansion of 
higher education. The number of institutions in the market may not fall 
In the late 1970*s and I9&0*s, but it will surely not rise. Changes in 
numbers of programs and, to a lesser extent, in numbers of Institutions are 
likely to play an Important role in the demand for faculty in the future, 
as they did in the expansion of the past. 



-^^These figures were obtained from American Council on Education, 
Acci*>dited Institutions of Post'Secondar^^ducat ton ^ 1976-77 (l977)- 
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TABLE 5.2 
NUHB£RS OF ACADEMIC INSTITUTIONS 





7^ Vfor 


Total 


1950 1,322 


527 


1,847 


1960 1,447 


593 


2,040 


1970 1,676 


897 


2,573 


1975 1,914 


1,141 


3,055 


Compottnd Annual Chongti 






1950-1960 0.9 


1.2 


1.0 


1960-1970 1.5 


4.2 


2.3 


1970-1975 2.7 


4.9 


3.5 



Source: Amttictit Gotiacit on Education (1976: 76, 142; 1977). 



103 



Quality of Inputs and ^Outputs 

Academic concern with the quality of faculty and of institutions is 
likely to cause some distinctive patterns of salary and employment behavior 
in the market* On the demard side, concern with the average quality of 
faculty means that institutions must choose between numbers used and the 
quality of those hired, whtch\ creates distinct choice sets, along the lines 
set out by Houthakker*s (19^2^53) model. The distinctive feature of the 
qual tty^quantity Interaction i^ that the cost of Increasing the number or 
quality of a department depends^ cri ti cal ly on the average quality or size. 
Assuming concern with average quality, increases in quality are more ex* 
pensive the greater the size of the department; conversely, the cost of In* 
creasing the size of faculty will depend positively on quality. The 
relative cost of the quality of faculty versus the number hired depends 
directly on the number and inversely on the quality, with definite con* 
sequences for market behavior. On the supply side, individual concern 
with academic quality leads to divisi'^n of the market Into various sub* 
groups, with Ph.D.'s willing to take lower pay in more highly rated schools. 

The critical role of quality considerations in academia has sub* 

stantial implications for the market adjustment process. First, it is 

likely to make changes in the quality of personnel and institutions, as 

well as the number of appointees, important in market adjustment. When 

faculty wages decline due to a weak market, the types of Institutions at 

which new Ph.D. *s obtain jobs are I Ikely to drop whi le the average qual ity 

of Institutional appointments rises. U is even pofsibl . that the quality 

adjustment will produce a perverse change in employment, as lower wages 

and abundant supply lead to improvements in the quality of appointees, 

7/ 

^ihich raises the cost of Increasing nwibers-— While such perverse 
patterns are not, in fact, found rn the data (see Part II), evidence on 
the quality of the academic institutions of first placement shows clearly 
that the quality of appointments is a major adjustment parameter in the 
market. In the late I960's*early I970's decline In the academic market. 



- Becker and Lewis (1973) consider this effect in great detail. 
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the proportion of new doctorates obtaining Jobs outside of Cartter's 
"rated" universities dropped from less than one-half in 1967 to over 
two-thirds in 197); the proportion in Level I or tt universities was 
halved and, regardless of work activity, n^ Ph*D*'s were increasingly 
likely to end up in institutions of lower quality than that from which 
they obtained the degree (Nitand, 1973)^ 

Second, the desire of faculty to work in institutions with high average 
quality drives a wedge between the wages and marginal cost of hiring 
personnel, which may account, at least in part, for the well-known 
"rationing" of places in top institutions. This is because a lower quality 
appointment has two costs: the direct salary paid the individual and the 
likely increase in the salary demands of other faculty, whose work con- 
ditions wHI be adversely affected by their appointment. As a result, 
high quality schools witl find tt very expensive to employ lower quality 
faculty, while conversely, lower quality schools wilt have to pay enormous 
premia to attract the more able, leading to concentration of academic 

8/ 

"stars" in a few places and rationing of appointments in those schools*— 
When student concern for quality makes them willing to pay higher tuition 
..to associate with the more able, a similar pattern in the student market 
is also likely* Place rationing and concentration of the more qualified 
in a limited number of institutions will be observed* 

Third, quality considerations can be expected to play a major role in 
salary determination, with those judged of higher quality receiving greater 
pay* As is shown in Table 5^3> such a pattern is found between even as 
crude a measure of academic quality as articles published and individual 
salaries, with virtuaMy all studies of academic salary determination 
finding that, other factors fixed, number of articles significantly raises 
earnings, constituting one of the major determinants of salary* 

8/ 

Since there are relatively many lower quality faculty at poorer 
schools, it might appear that their change in wages would more than counter- 
balance the increased supply price of qualified faculty, leading to dis* 
persion of the more able. The number benefittinq from high-quality 
colleagues may* however, be quite limited and the benefits greater for 
others of similar talent, producing the concentration observed in academia* 
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SUMMARY OF STUDIES OF THE EFFECT OF NUMBER 
OF PUBLICATIONS ON ACADEMIC SALARIES 



Effect ofPtMiettiwu 

Study and Ytar Dato Set ControU Sign^iemHt (>/ ) 



TuckmtB and Leahey (197&) 


ACE male 
full-time ecommicf 
facutiy 1972-1973 


1,3-6,8,(9) 




S*etri«d«iia WhUe <ld73) 


Umveraity of Wkconcin 
MadUon, cconomtttt 
1971 


1,2,3,(5), (6). 
(8K(9) 




Kjit2(ld73) 


596fac(itty at tingle 
unmisity 


1,2,3,(5),(6), 7,(8),9 




P«rber (1974) 


132 ficulty atfingtaunimaaty 


l.(H (6).(8),f9) 




PmiTttn<1977c) 


ACE sample of 3,500 
whites and blacks 


1,2,(4K6,7,8,(9) 




Astin and B«y€r (1972) 


ACE sample of 60,000 
persons 


1,2,3, 6,6,7,8,(9) 





Note to controls 

1 * years of experience ( ) * controlled by focusing on group having tingle chtncteHstk 

2 * administrative duties 

3 * teaching productivity 
A « race 

5 * departitwnt quality 

6 * region 

7 * quatity ordefffee 
ft > type of institution 
9 * sex 
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C* Institutional Aspects of Mcadcala 

Turning to more specific features of the acadeinic market, three aspects 
deserve attention: destre for an "equitable'^ wage structure which rewards 
faculty roughly equally across speclaiti s; tenure* which guarantees 
lifetime employment; and recent unionization. 

Internal Salary Policies 

That most colleges and universities would like to pay faculty of 
similar rank, experience* and academic ability^ but different speclallxatlont 
the same basic salary is evident from expressed salary goals. A 1973 
Dartmouth College compensation committee^ for example, stated that **slnce 
Institutions constitute essential communities of sctiolarSt there Is « 
general feeling of what may be termed academic equlty**that differences 
of compensation among faculty members of equal experience and standing 
within their special fields should be as small as Is consistent with 
maintenance of high-quality faculty In each department/' National Education 
Association (1972) surveys show that nearly all Institutions have explicit 
faculty salary schedules, providing for mlnlmum*iiiaxtmum or average pay 
based on merit, rank, and experience, applying equally across fields. 

in essence, universities affirm an Intellectual value structure that 
presupposes little or no Inherent superiority to knowledge In various 
fields, in place of market valuations. According to this nonprofit '^rlce 
scheme/* faculty are judged by their Intellectual quality and scholarly 
output, with differences in the market price of output (which Is substantial 
between, say, economics and HIttite archeology) Ignored as much as possible 
In determining wages. Underlying the rejection of market prices Is the 
realization that valuation of knowledge Involves considerable uncertalntyt 
nooapproprlability or externalities, and time horizons which may be In* 
adequately handled by for-profit market prices. 

Another factor leading to the equitable wage goal Is the tendency for 
university administrators and members of faculty committees to come from 
various departments. The Dartmouth compensation committee, for example, 
included professors of economics, French, mathematics, and sociology, among 



107 



-99- 



other fields. Explicit or implicit bargaining on such conwnittMs or In 
administrative decls^lon*making, with unclear standards of judgment, diverse 
evaluations, and similar ''bargaining power." Is likely to produce 
symmetric treatment of fields, as some game theory models would predict. 
Uhen faculties are divided by schools, on the other hand, as among lai^t. 
business, medicine, and arts and sciences, pressure for wage equity across 
disclpl Ines wi 1 1 be attenuated. - 4 « 

Whatever the cause* the oeslre for Interfleld equity In salaries 
exacts a cost on the university system where nonacademlc opportunity 
wages differ. This cost must be traded off against other goals and ex* 
pendttures in the decision process. The use of resources to purchase 
equity in salaries wiU produce a narrower interfield dispersion of 
salaries In academia than In industry; shortages (surpluses) in specialties 
where opportunity wages are high (low), and reliance on comtwnsatorv 
nonmtyietary. remuneration schemes to alleviate market problems by 
widening the real Incentive structure, despite the constraint on salaries. 
Such compensation policies would Include differential mrk conditions 
(office space, secretariat aid), speeds of promotion, liberal outside 
time rules, provision of special professorial chairs, of laboratories, 
etc.. though equity pressures may also limit these options. As such 
rewards are possible in the absence of the ''constraint" on salaries and 
substitute imperfectly for flexible salaries, they will only partly 
alleviate the manpower problems due to the equity goal. HI ring standards 
are. as a consequence, likely to be an extremely Important adjustment 
tool, with lower quality faculty employed in "shortage" fields and higher 
quality faculty in "surplus" areas, where job rationing will prevail. 

Comparisons of the Interfield structure of academic and nonacademic 
salaries In Table 5.4 suggest an important role of the equity goal In the 
market. Academic salaries turn out to be much more narrowly dispersed 
across fields than are industrial salaries, wi.th a range of $3,700 versus 
$8,200 In the same fields and a coefficient of variation across fields of 
.059 fn academia versus .102 in industry. Hore importantly in terms of 
adjustment processes, a similar pattern Is found in comparisons of percentage 
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TABLE 5,k 



MEDIAN ANNUAL SALARIES AND MEASURES OF 
DISPERSION BY FIELD, 1975 



FUtd 


BuMintBi/indtatry 


And UnivenititB 


Ch«mbtt 


25,900 


20,700 


VnUA-h^l^t* A. -A-t 'BAHAMA Am 

rnysivott^ /u tro noiii crs 






Maih«iruitid«ns 


20,100 


20,400 


SUtisticians 


24,400 


22,200 


CompuUr Specialists 


23,900 


22,700 


Earth SckntUU 


26,400 


20,900 


Atmospheiic Scientlsto 


22,600 


23,100 




26,000 


23,600 




24,900 


20,400 


M«dicat ScientisU 


29,900 


24,100 


Piychotogifts 


30,500 


20,800 


Economists 


30,800 


22,800 


Other Social Scicntitto 


22,900 


20,500 


Agricultural Sdentistt 


23,200 


20,800 


ditpersion statistics 
range 


$8,200 


$3,700 


standard 
deriation 


2,650 


1,238 



coefficient of 

variation 0.102 0.059 



Sources: Natbnat Science Foundation (1977: 63, uMe B-15). 
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change in salaries. From 1970 to 1975, the standard deviation of the log 

change of the salaries of academic doctorate scientists was ,089, while the 

9/ 

comparable industrial variation was ,385.— Recruitment also appears to 
be influenced by the interfield salary structure, as predicted by the 
analysis. In 19^^* when the academic job market was very strong, vacancy 
rates in un iversi t ies ^ defined as the ratio of unfilled budgeted positions 
to newly f i I led and unf i I led slots were substantial ly pos it i vely cor* 
related (r = 0.88) with the ratio of nonacademic to academic salaries in 
1964 (Table 5.5)^ Vacancies, like high wages, are Hkely to attract 
additional specialists due to the increased probability of obtaining 
desirable jobs and are thus, to seme extent, self-correcting. 

Finally, a rigid ^'equitable salary" policy will alter elasticities 
of response to supply-demand imbalances in particular fields. Under a 
flexible wage regime, when a one percent change in wages clears the 
iiiarket in a specialty accounting for a percent of the faculty budget, 
average wages change by a percent while tn a world of rigid wages aiming 
fields, Che same adjustment requires that all salaries change by one 
percent-'l/a times as great. Formally, the constraint reduces the 
elasticity of demand or supply in a field from say n and z to an 
necessitating the greater response to attain equilibrium. 

Tenure 

Tenure, which guarantees lifetime employment to the faculty except for 
reasons of institutional financial crisis or incompetency, is a much 
criticized feature of the academic market, though in some respects, it is 
quite similar to industrial seniority systems, which also protect older 
workers from the vagaries of the market. Both tenure and seniority result, 
in part, from workers* desire for job security and their willingness to 
forego income for seniority both place the burden of market adjustments 
on the young. 



^ The variances for IS6^'I970 were calculated from salary data from the 
National Science Foundation, American Science Hanpower (l97o)» table A'W*, 
p. 8i». The 1975 figures were obtained from the National Scien,^ Foundation, 
Characteristics of Pectoral Scientists and Engineers in the U.S. , 1977, table 
B-t5, p, 63. The analysis covered all fields in Table 5.4 except engineering 
and other social sciences. 
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TABLE 5.5 



THE IMPACT OF THE ETERNAL SALARY CONSTRAINT ON THE RATIO OF INDUSTRIAL 
TO ACADEMIC SALARIES AND ON UNFILLED OPENINGS IN UNIVERSITIES, 1964 



Ratio of 
Industrial to 

Incremtntat Academic Salaries Rank of 
Vacancy Rate' I9$4 









f/> 


i2} 


Physics 


0J77 


\A1 


1 


3 


Economics 


0J62 


1,72 


2 


1 


Mathematics 


0.143 


1.6S 


3 


2 


Fsycholofiy 


0J23 


1.4S 


4 


4 


Chemistry 


0.09S 


1.40 


5 


5 




0.069 


1.33 


6 


7 


Agri culture 


0.028 


1.08 


7 


8 


GeoloSy 


0.017 


1.37 


8 


6 



*The increnwnUt vacancy rate is the fraction of new bu4eete4 positions unfitted 
in a given year. 

''The Spearman coefficient i$ 0.88.1 percent level of <>S»ificance is 0.83. 

Sources National Education Associa^on (1964): Nat''>nal Science Foundation 
(1961). 
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what distinguishes tenured faculty from other senior employees is the 
power to hire additional faculty who do essentially the same work and could 
replace them on the job. It is this power which makes university departments 
similar to Yugoslav-type collectives, with average quality of departments 
rather than profits as the maximand and the quality of appointments, 
generally not the number, as the policy vartable^ In the absence of 
tenure, the operational problems involved in faculty htrtng and firing would 
be immense, wtth each professor judging possible new colleagues as com*~ 
petitors who could replace him at the work place and electors deciding his 
future^ The danger of collusive agreements, bargaining, and coalition 
formation seriously hampering education and research is substantial- Tenure 
effectively reduces such "nonproductive** behavior, making "partnership*' 
viable in the nonprofit market where prof it-and*-loss sanctions are 
relatively inoperative, at least in the short-run* 

The historical development of tenure in the U*S* lends some support 
to the hypothesized tenure-appointment power link, for "the growing parti- 
cipation of faculty in the recruitment and selecting of its own members" 
and "the shrinking of presidential competence" in appointments occurred 
roughly simultaneously with the beginning of the tenure system. It ^*was 
one of the instruments whereby university and college professors gained 

a nearly exclusive power to determine who was entitled to membership in 
"10/ 

their ranks* — A more formal test of the tenure-appointment power link 
would involve examtnatiOn of employment in institutions lacking tenure; 
deans or presidents are predicted to make hiring decisions in such edu~ 
cational enterpr ises , 

Tenure, like other seniority arrangements, makes the age structure of 
employees and rates of expansion key parameters in market adjustments* When 
the higher educational system is expanding, the probability of tenure will 
increase above its steady^state levels: to attract additional personnel, many 
lower-quall ty faculty will be promoted and the income of those of tenure 
age increased relative to th^t of older faculty. While the number of tenure 
appointments increases, the proportion may remain constant or even fail, due 



— The developments are described in Metzger (1973) t PP- H2^l^3* 
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to rapid expansion. Despite the fixed employment of tenured men, there 
are no difficulties in adjusting the mix of faculty to educational or 
research demands since expansion in fields in great demand is an adequate 
tool (freeman, I97l)- The I960*s were, tn general, a period of this 
type as a result of the extraordinary demand for academic research ^nd 
educat ional outputs. 

At the opposite end of the spectrum is a period of market contraction 
in which tenure becomes a serious barrier to the adjustment process. In 
contracting markets, universities cannot readily keep on young workers of 
relatively high quality due to tenure commitments and have difficulty in 
altering the distribution of professors across disciplines to meet changing 
market demands. While some tools exist for removing less desirable tenured 
faculty, ranging from closing departments to reducing office space and 
related perquisites, failing to award normal salary increases or cutting 
salaries, and ultimately ''buying out" a position, such activities are 
difficult in the university setting. Tor one thing, the academic Job ladder 
Is short, making it difficult to differentiate among permanent employees 
through promotion or assignment of tasks: the professor rank is the top 
of the ladder in particular institutions. For another, the collegial 
pressures needed to push men out of Jobs are presumably unpleasant, especially 
in declining markets, and require decisions of the type tenure is designed 
to eliminate — those relating to the status of senior personnel. 

Patterns of institutional mobility are also likely to be altered In 
a contracting market. In steady-state or expanding markets, it is frequent 
for high*quality Junior faculty to "invest" several years in top institutions, 
where they continue their education, and then move to other colleges and 
universities. Contraction creates great pressures against such institutional 
mobility patterns, largely on the part of Junior faculty outside the top 
schools whose promotion is threatened by importing outsiders. The risk 
that immediate post-degree investments in training will not bear fruit will 
cause more high*qua1ity younger specialists to rnove outside major universities 
early rather than late in their careers. 

When an expanding market suddenly contracts, adjustment problems are 
exacerbated, with tenured faculty in younger age categories and relatively 
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small replacement demands for new appointments. Movement to a steady-state 
equi I ibrium wi n be extremely difficult and the entire ethos of the system 
unpleasant^ produci ng--as Moynihan (1973-11) puts it — "A Balzacian society, 
where, if you want to be a professor, you wait until the man who is pro- 
fessor dies. Then the 15 of you who want the job compete in various ways. 
One of you gets i t 

Finally, tenure probably reduces the efficiency of academics by re- 
moving the possibility of being fired for nonperformance. Those nearing 
retirement, in particular, may be so affected, since "compensatory firing 
policies** — failure to grant normal salary increases or salary cuts*" are 
likely to have a small effect due to the short future work life. The 
danger of loss of pension rights, which exists in industry, is eliminated 
by the vesting of academic retirement plans^ 

Union! sm 

In 1965> effectively ino colleges and university faculty were covered 
by collective bargaining contracts. In 1976, nearly 15 percent of campuses 
were organized (see Figure 5-2). In the brief span of a decade* organi- 
zation became an important feature of the academic market place. Collective 
organization can be expected to affect the operation of the faculty Job 
market in several ways. First, it may affect the salary determination 
process, and keep relative wages from falling as rapidly as they might in 
the I9d0's period of declining demand. Second, And perhaps more critically, 
bargaining may lead to greater stress on internal labor market mobility, 
with existing faculty obtaining greater job security at the expense of new 
doctorates. Third, collective organizations can be expected to increase 
the fringe share of the compensation package, again to the benefit of 
older more experienced personnel. While faculty unionism is too new for 
any clear assessment of its impact on adjustment processes, it is im- 
portant to bear in mind the potential differences in adjustments over time 
due to unionism. Comparisons of the policies of organized and unorganized 
institutions in the period of market decline would provide valuable in- 
sighf into the impact of trade unions on the dynamics of market adjustments. 

0. Capital Goods and Demographic Factors 

The dependence of the demand for new faculty on changes in enrollments 
and the production of new faculty from graduate enrollments suggests 

O 

mc 

™" 1 1 .4 
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FIGURE 5.2 



PERCENTAGE OF COLLEGES AND UNIVERSITIES 
ORGANIZED BY UNIONS 




Source: !4ational Center for the Study of Collective Bargaining in Higher 

Education (1977): National Center for Education Statistics (1978}- 
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applica^ion of capital goods accelerator models to the faculty markets 
These models highlight the dynamic adjustment problems of an industry 
producing and employing a long-ltved capital resource such as faculty 
and its potential for cyclic fluctuations^ Consider first the demand side 
of the market, which has a capital goods adjustment or accelerator 
structure with respect to enrollments (E) because demand for faculty depends 
on enrollments as well as academic salaries (W) « If, as seems reasonable^ 
facul ty^student ratios are fixed save in response to changes in the real 
cost of faculty, demand (F^) can be written in linear form as: 

F** = aE - bW (5.2) 
where a is the parameter for enrollments and b the linear parameter re- 
flecting responses to wages. Then» if 6 is the rate at which faculty leave 
the System for retirement or other reasons, demand for new faculty (Nf^) 
will be 

= - = aE - bW - (I-6)F_, (5-3) 

Equation (5^3) is a capital stock adjustment equation in which demand for 
new faculty depends on output, cost, and the size of the existing faculty 
less "depreciation.*^ tf employment of faculty was at the equilibrium level 
in the last period so that F_j = aE^j - bW^j, equation (5-3) yields the classic 
accelerator model 

Nf"^ = aAE - bAW + 6F_j (5.i#) 
which shows that demand for new faculty depends on changes in enrollments , 
changes in wages, and the rate of outflow^ What is important in equation $A 
is the AE term, which makes demand for new faculty critically dependent 
on the growth of the educational system: if, as in the early 1970*s, AE 
is Small, demand for new faculty will be small; if, as predicted for the 
1980's, AE is negative, demand for new faculty may become negative. Moreover, 
since college and university enrollments consist largely of young persons, 
dependence of demand on-A^ -makes' the faculty market critically dependent 
on the age structure of the population. While in years past, the proportion 
of a young cohort in college was sufficiently SmaM to provide an important 
buffer to demographic fluctuations, recent increases in enrollment propen- 
sities substantially limit the possible effect of such adjustments to 



— ^See Porter (1965), Stone (1965), Tinbergen anJ 80s (1965) for fixed 
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future demographic declines. As a result, instability in higher education 
due to changes in the age structure of the population is likely to be more 
Important in the future than in the past and deserves serious attention 
In publ Ic po) icy t 

Figure 3*3 graphs log changes in enrollments fron) 1920 to 197^ ^nd 
prospective changes (as forecast by Cartter) froi.i 1976 to 200D* The 
figure shows considerable fluctuations in the change in enrollments, which 
Implies considerable ups and downs in the market for new faculty, and 
makes clear the potential problem in the I980*s. 

On the supply side, the fact that faculty are '^produced'* by the 
higher educational system from graduate s:u:!ents leads to a more complex 
market. if> for simplicity, graduate training takes one period and those 
planning on academic careers (AG) make their decision on the basis of con~ 
ditions a period prior to graduation according to adaptive expectations 
process, the supply of new faculty (NF ) can be written as: 

NF^ = AG^, = X£W^2 ^ (T-X)NF^^j where C is the coefficient of 
supply response and X » adjustment coefficient. (5.5) 

With a given parameter relating graduate students to demand (say» for 

simplicity a) and market clearing (NF^ * Nf"*) , equations (5,3) and (5*5) 

or (5.4) and (5.5) can be solved to yield a second order difference equation 

giving the dynamics of market adjustment to shifts in exogenous factors. 

With reasonable values of the parameters^ the equation has complex roots that 

12/ 

produce damped cyclic fluctuations.— 
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— To see the implications of various parameter values we solve the system^ 
First set (5,3) equal to (5.5) 

(1) aE-bW-(l-6)F_j ^ AcW_2 + (I-A)NF^^j 

Let F_j => aE^j - bW ^ and NF^_j = NF^^^j - aE_, - bW_j - ('•5J'',2 
and substitute to obtain 

(2) aE-bW - {l-6)(aE^j - bW j) = XeW^^ ^ 
[aE^, - bW J - (l-6)aE_2 + {l-6)bW_2] 

Focusing on the adjustment of dU we have the following 

(3) -bW = -(l-6)bW^^ + ArW 2 " (l-A)bW_j + ( I -A ) ( I -6 ) bW ^ + X 
where X represents all non-W terms (continued on p* IIO) 

11 r 
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FIGURE 5.3 



LOG CHANGES FOR ENROLLMENT 1920-76 
ANO PREOICTEO CHANGE i976-2000 




^0 iaao 
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Source: 1920- 76 U.S. Bureau of Census, Histortcat Statistics of the 

U.S., series H 32t updated with U.S. Office of Education (1S77). 
taFle 3.03, p. 177. 

1976-2000, Cartter (1S76), table 't-9, p. 58 with C-series used. 
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The cycle wMI be longer than the cobweb cycle in the labor market because 
demand as well as supply is influenced by enrollment decisions of students. 
A typical scenario for the cycle would be: on the demand side, high 
academic salaries increased graduate enrollments — > greater demand for 
faculty — ^ higher salaries, a response pattern tending to explosive 
movements; and on the supply side, high academic salaries increased 
graduate enrollments — ^ increased supply of new Ph,0,'s — * increased 
supply of faculty — h decrease in academic salaries, the usual cobweb 
adjustment process. The demand-side cycle Is attenuated when graduate 
students are used as teachers, for the demand increasing effect of graduate 
enrollments is reduced and possibly reversed. Investigation of this aspect 
of the market requires analyses of the subst i tutabM i ty between faculty 
and graduate teaching assistants and consideration of their relative salaries 
or costs. 

The Significance of the endogeneous cyclic mechanism in the faculty 
market will differ across fields, depending on the relative Importance of 
faculty used to produce faculty. When undergraduate enrollment or graduate 
enrollments independent of the faculty market account for the bulk of academic 
demand'-^as in engineering, for example-^-f luctuations in the faculty market 
will be proportionately small. When, on the other hand, graduate students 
iooni large in enrollments and tend primarily to become teachers, as in the 
more arcane subjects, fluctuations could be suDStanttal until equilibrium 
is attained. 



~ This can be rewritten as 

{k) W = (2->*<S)W , - [Xe + (l-A){i-6)jw . + X 

" b " 

A reasonable value for the supply adjustment parameter (^) is 1/2; a reasonable 

value for the outflow of faculty (5) is 1/20. Since ^ refers to the supply 

response of new Ph.O.'s and b to total faculty demand, €/b £1 because the 

ratio of new Ph.O,'s to total faculty is perhaps I to 20, so that even If 

the supply of new Ph.O,'s were 10 times as elastic as demand, e/b would be 

at most 1/2. Taking c/c as 1/2, we obtain 

(5) W = 1,^5W_, - .73W^2 * ^ 
which yields imaginary roots with dampened oscillations (since the coefficient 
on W_2 is less than 1) and ( K^5) ^ ^ , 73) , 
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Summary 



The principal theme of this part of the study is that the academic Job 
market is likely to be, for various reasons* a highly responsive atlocative 
mechanism* though one operating under certain welt-defined institutional 
and structural constraints. The nonprofit status of colleges and iiniver'^ 
sittes and the capital goods/accelerator structure of the inarket are 
likely to produce sizeable adjustments and fluctuations in the face of 
changing conditions. The interna) salary structure, tenure system* and 
concern for quality are likely to create distinct forms of adjustment* 
along the lines developed herein. 



This section turns from the factors that condition the operation of the 
academic market place to the observed patten, of responsiveness. It 
examines the major developments in the market in the I950's* I960's* and 
1970's and then estimates a small econometric model of employment and 
salary determination that can be used to assess past and predict likely 
future responses to changes in market conditions. 

A. Market Developments 

The changing economic position of faculty over the long-run is examined 
graphically in Figure 5.^* which records the ratio of faculty salary to 
industrial earnings, and the ratio of faculty to nonagriciiltural employment.—'' 
The figure reveals considerable variation in the state of the market over 
time* presumably in response to changing economic conditions. Relative 
faculty compensation increased steadily in the I920's, after declining 
during World War II; peaked in 1932 due to slow adjustment to depression 
conditions; and then declined to a minimum of 2.4 : I in 1956. From the 
mid'1950's until the late I960*s* academic salaries rose compared to other 
salaries, as the higher education system entered what has been called a 
'^golden age** of expansion. By contrast, in the late I960*s and I970*s, the 
relative gains of the preceding decade were eroded as the market underwent 
a major turnaround. 



— ^ The data are obtained from Anerican Council on Education* A Fact Book 



on Higher Education (2nd issue, (976) tables 76.102* 76.108, 76. Ill * 76.11**. 
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FIGURE 5.4 



RELATIVE SALARY ANO EHPLOYHENT OF FACULTY 




Sources: 1920-1976. U.S. Bureau of Census (Various) and U.S, Office of 
Education 0977: )77> table 3.03. 197^-2000, Cartter (1976: 
58, table ^(-9, with C series used),. 



The relative employment figures show an upward trend in academic 
employment, with varying rates over time* There were large increases in 
the number of faculty per worker in the mid-1950*s and in the I960's, 
following World War M, and at the outset of the Depression when the number 
of faculty held steady while total employment dropped sharply* During 
World War II and the Korean War period, the ratio of faculty to total em- 
ployment dropped* From 1970 to 19?^ the ratio also dropped, presumably as 
part of the turnaround, but then rose in 1976* 

Additional data from the decennial Census of Population and annual 
Current Population Survey can be used to examine the growth of faculty 
relative to other professions requiring considerable education* The ratios 
of faculty to other professional employment from the Census (Table '^*6} 
show a pattern similar to that in Figure 5*2, with, however, a more modest 
trend in post-Wor'd War M years due to the profess ioral izat ion of the work 
force and a more .-^arked slowdown in the I970*s* 

Sixties Boom and Seventies Bust 

The pattern of change in the I960's and I970*s, when the market went 
from boom to bust, deserves more detailed analysis* 

During the boom period, the higher education system enjoyed the benefit 
of an unprecedented increase in the number of college age (l8-2^ year old) 
persons of 8 mi I Hon from I96O to I970 (U*5* Bureau of the Census, 1972) 
which together with a high rate of return to college produced an extra-' 
ordinary growth of enrollments of ^*8 million students or 126 percent over 
the decade (U*S* Office of Education, 1977* P* 177)* Coincident with this 
expansion, the receipts of higher educational institutions increased 
rapidly, tripUnq from I960-I96I to 1968-1969 {0»Neil, I97U Office 
of Education, 1972}^ Total federal aid to academia, including diverse 
direct student support, facilities, and equipment purchases rose rapidly* 
The price of education to students, in the form of tuition per full-time 
equivalent enrollment unadjusted for student aid, declined modestly 
relative to that of the I950*s, while public tuition and fees increased 
more slowly than private charges, raising the ratio of private to public 
tuition from ^*0 in I96O to ^*7 in 1970* 
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TABLE 5.6 



RELATIVE NUMBER OF FACULTY 



t900 1910 1920 1930 1940 1950 19$0 1970 1976 

College faculty/ 

ill professional 0.006 0.009 0.014 0.019 0.020 0.025 0.024 0.043 0.042 

College faculty/ 

engineers 0.184 0.208 0.246 0.286 0.259 0.234 0.205 0.395 0.451 

College faculty/ 

tawyera 0.065 0.139 0.268 0.385 0.423 0.690 0.840 1.784 1.300 

College faculty/ 

teacKm 0.016 0.027 0.044 0.059 0.071 0.111 0.106 0.178 0.173 

Sources: U.S. Bureau of the Census. Historical Statktici of the U.S. (1977: 1, ser. D-233-682^ 140-41) and Censui of Population 
(1970: Occupational Characteristics P(2)-7 A, 1^2, Ubie 1); U.S. Department of Labor (1975;: 186« Uble A-53). 
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On the Supply side, the major development was the enormous inflow of 
new Ph.O, and master's degree graduates, which substantially augmented the 
population of potential faculty (National Research Council^ Annual; 
U,S, Office of Education, 1972), Between I960 and I970, the number of 
Ph,0, degree recipients tripled; the ratio of new Ph,0,'s to enrolled 
students rose 36 percent; and the total stock of Ph,0,*s increased by 
8o percent , 

Toward the end of the I960's and in the t970's, the forces underlying 
the higher educational boom began to level off or decline. The demographic 
growth in the number of persons of college age came to an end; in I970, 
there were 2k. 7 million \S'2U year olds; in I975» 27,6 million (u,S. Office 
of Education, 1977, p, 1^6), With the rate of return to college dropping 
(Freeman, 1976, l977a) the proportion enrolled also fell» with a consequent 
stabilization or reduced rate of increase in college enrollments, depending 
on the data and group covered. According to the Office of Education (l977) , 
total enrollments Increased from I970 to 1976 at an annual rate of 5,3 
percent compared to an 8,5 percent rate from i960 to I970; first year 
degree credit enrollment grew by 1,5 percent per year from '970 to 1975 
compared to 6,8 percent per year in the previous decade; the rate of in- 
crease in graduate enrollments decelerated from the 12,6 percent per year 
of the I960*s to ^,1 percent in the 1970"75 period. According to the 
U,S, Bureau of Census (l977, p, 5), total college enrollments grew by 
5,0 percent per annum from I970 to 1976, while freshman enrollments grew 
by only 2,9 percent per annum compared to rates nearly twice as liigh in 
the previous decade^ In several scientific fields, such as physics, first 
year graduate enrollments fell sharply despite the increased number of 
bachelor's graduates from which to draw students (Freeman, 1975b), Federal 
Support for graduate education and research declined in importance and 
total income of colleges and universities grew relatively slowly, with the 
ratio of spending of higher education to GNP barely changing from I970 to 
1976 after having nearly doubled in the previous decade, — The supply of 



— ^^The ratio of expenditures to GNP in I96O was .013; in 1970, ,025; in 
1976, ,029, Data on GNP from U.S, Department of Labor, Employment and Training 
fteport of the President 1977 > table G"3* p. 283, Data on expenditures from 
U.S, Office of Education^ The Condition of Education 1977 . volume three, part 
one, table 3,08, p, I8I , 
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job candidates grew rapidly, as the large classes of graduate students 
drawn into the market in the I960's graduated and sought work^ With demand 
leveling off and supply growing, the job market for faculty experienced 
a sharp slump, which showed up tn salaries and employment. 

The pattern of change tn salaries in the period is examined in 
Table 5.7, which compares the rate of change tn real (1976 dollars) salaries 
from 1969-70 to 1975-76 to the changes from 1960*61 to 1969-70. The table 
tells a clear story about salary adjustments to the changed market. From 
I96O-6I to 1969-70, academic salaries fncreased in real terms at a more 
rapid pace than other salaries, so that the ratio of academic compensation 
to average annual earnings in industry rose from 2.28 to 2^50^ From 1969 
to 1976 by contrast, academic salaries fell in real terms and relative 
to other wages and salaries; the ratio of academic compensation to average 
annual earnings in industry was 2.20 !n 1976, below the level ^t the outset 
of the I960's boom. 

With respect to employment, the rate of growth of faculty dropped, as 
can be seen in Figure 5,2 and Table 5.6. From fall 1970 to fall 1976, U.S. 
Office of Education data (l977, table 2,0^, p. 178) show an increase in 
the number of faculty of 3.1 percent per annum compared to an increase of 
7.6 percent per annum from i960 to 1976, while Bureau of the Census data 
show a drop in the rate from 10.7 percent per annum in the I960*s to 1,3 
percent from I970 to 1976. — The slow growth of faculty had a marked 
depressant effect on the employment prospects of young academics and 
greatly altered the age structure of the faculty. Among new Ph.O.'s there 
was a sharp decline tn the proportion obtaining academic jobs readily, in 
1970, approximately 59 percent of new doctorates had definite prospects 
in academia upon receipt of their degree; in 1975, just ^7 percent were In 
such a position*—^ As noted earlier, the type of job held by those getting 
jobs in academia also underwent f nsti tut ionc ! deterioration in this period. 



— The Census data are from U.S. Bureau of the Census, Current Population 
Reports , Series p-20. 

—"^Tabulated from National Academy of Sciences, National Research 
Council, Annual Survey of new Ph.I),*s. 
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TABLE 5,7 

ACADEMIC SALARIES \H PERIODS OF MARKET BOOM AMD BUST 



Academicand Other Salaries 1960-1976 
Ut\ I976donan) 



Compoxmd Amxiai Change 
in Sahriti 



1960-1961 



1969-1970 



1975-1976 



1960-1969 



1969-1975 



Ptofessors 
^mpensation 

university 

public 

prtvaU 

junior 
college 

(3) $aUri«5 NCA 

Aiststant Professors 

(4) total 
compensation 

(5) salaries 
university 

public 

private 

junior 
collefEes 

(6>Aat3rlesNEA 

Other Workers'' 

(7) annual 
compensation, 

industry 

(8) manufacturing, 
average hourly wage 



20,964 

19,554 
22,518 



17,272 
19,388 

13,367 

12.620 
13.56? 

13,533 
13,043 

9,123 
4.39 



28j)89 

25,327 
27,114 
26,455 
29,598 
23,031 

24,448 

17,717 

16^57 
16,273 
16,310 
16,289 
16,229 

15,595 
11,243 

5,20 



26,576 

23,233 
24,590 
24,150 
26,540 
22,136 

22,218 

16,487 

14,336 
14,670 
14.690 
14,740 
15,080 

14,069 
12,073'' 

5.19 



3,3 

29 
1,0 



3.2 
2,6 

3.2 

2.7 
2.0 

2.0 
2.0 

2.1 
L9 



-1.0 

-1.4 
-1.6 
-1.5 
-1.8 
-1.6 

-1.6 

-1.2 

-1-9 
-1.7 
-1 .7 
--1 .7 
'1-2 

-1.7 
1.1 

-0.1 



*Data for other workers relate to the Initial year of arademic year. 

Extrapolated 1974 by rate of change in manufacturing hourly wage from 1974 to 1976. 
Sources: Lines 1,2, 4, 5: American Association of University Professors (1960-1978). 
Lines 3, 6: National Education Association (Biennial). 

Lines 7, 8: U.5. Department of Commerce (1977), ar^d U.S, Department of Labor (1977). 
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with an increasing number obtaining work tn tower quality institutions. 
The drop in new hires shows up dramatically in the data on the age and rank 
structure of science faculty tn Table 5*8. In 1968, ^2 percent of the 
science faculty had received their Ph.D. within seven years, in 197^, just 
29 percent. In 19^0, Sk percent of the faculty were full or associate 
professors. In 1975, 71 percent. After decreasing for about a decade, the 
median age of faculty rose sharply in the 1970's^ Lack of job opportuni* 
ties for new Ph.D.'s became one of the major problems facing higher 
education* In terms of the theoretic considerations of Part 1, the problem 
reflects both the <^pita1 stock/acceleration aspect of demand and the 
tenure system- 

Not Surprisingly* in view of the evidence of the career responses of 
young persons, the market decline appears to have affected graduate en- 
rollments Substantially. In the areas most severely affected by the 
turnaround, notably physics^ enrollments fell at astounding rates. 
Between 1965 and 1972, first year graduate enrollments in physics declined 
by 33 percent; in other physical sciences, the decline in enrollments was 
more moderate but nonetheless striking tn view of past trends and the 
growing number of baccalaureates.—'^ Many major universities embarked on 
policies to reduce graduate classes or, at the least, to warn entering 
students of potential market problems (see Figure 5-5) < 

AH told, the salary* employment, an.i supply adjustments of the tate 
1960*s and early 1970's produced a market for faculty that differed 
drastically from that of the preceding golden age. 

B. An Econometric Model 

The response of the faculty market to the l960*s boom, the turnaround, 
and earlier economic conditions can fruitfully be analyzed with a small 
econometric model of employment and salary determination. Unlike most 
education-'Sector models (Cartter, I97l; Porter, 1965), which assume fixed 
faculty student ratios, the model allows for demand adjustments to changes 
in academic salaries and the interrelation between employment and salary 
determination. Its principal outputs are estimates of long-term elasticities 
of demand and of the responses of employment to exogenous market developments. 



1 7/ 

— See Freeman (l975b) for a detailed analysis of the response of 
physics to the market turnaround. 
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TABLE 5-8 



CHANGES \H THE EXPERIENCE AKO RAKK OlSTRIBUTIOK OF 
DOCTORATE SCIENCE FACULTY, 1968-1975 



Percentage of Doctorate Percentage of Doctoratt 

Faculty With Sewn or Less Faculty at Professor or 

Years Since Doctorate Associate Professor Level 





t96S 


1974 


Change 
1968' 1 974 


1970 


1975 


Change 
1970-1975 


All 


42.1 


29.4 


-12.7 


64.4 


71.4 


7.0 


Physics 


31.6 


18.5 


-21.1 


60.3 


77.1 


16.8 


Chemistry 


34.9 


21.4 


-13.5 


61.5 


74.7 


13.2 


Mathematics 


51.9 


36.8 


-15.1 


57.4 


67.4 


10.0 


Economics 


42.7 


37.4 


'5.3 


72.1 


73.8 


1.7 


Psychology 


43.8 


38.7 


-5.6 


62.2 


68.5 


6.3 



Sources' U.S. National Science Poun<)ation (1968: 10, table 2; 1974: 20, Uble 
B'l; 1970: 189-190, Uble A44i 1975: 110, Ubles B, B'25). 
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FIGURE 5.5 



^rANFORD UNIVERSITY 

•STANFORD. CALIFORMIA 94PJ 

pCfAHtWf NT OF tHCttSH 

March 11, 1977 

I Mm dellghced to Inform you ch«c che Graduace Admissions Connlccee 
has approved your appUcacion for admission co che Deparcmenc of English 
nexc fall. 

I enclose a descripcion of our fellowships. I hope you will find ic 
iDformacive. However^ Ic is basically an explanacion of deparcaencal 
policy and does noc represent a cotnmicment on che pare of che universicy 
gjsr se.^uch conBoitmencs are made by the Dean of che Graduace Division^ 
who will concacc you by msil on or abouc March IS in order Co present the 
UDlvarsicy*s formal offer. 

Before entering this, or at^ ocher» Fh.D. program in English^ vou shoul d 
und erstand chac che prospects for permancnc eirolovnenc jfcer you have earned 
tne fh.u. are generalTv poor . As a Deparcment, we work excremely hard ac 
placing our graduaces^ an<l they may expecc Co compece favorably for whacever 
jobs art available; buc we do noc anciciP^te that thtre wtll be many o p enings 

the forseeable future. Anyone who choosg y mirffii* m r^r^t^r in gftH^gg 
c^eaching these days is tailing a large risk. Please keep chis fact in mind* 
M you weign your own alcernacives. 

We chink highly of our deparctnencal prograo^ and che face chac we have 
singled you ouc of several hun<lred candidates obviously means thac we chink 
highly of you. 

You have» as you knou, uncil April IS Co accepc che offer. Because we 
also have s ducy Co che highly qualified applicancs on our waiting lisCt it 
nould be helpful to us if we could hear from you sooner^ however. 

Again» congraculacions. We look forwar^l Co seeing you in Sepcember. 

Sincerely yours, 

Dkvid R. Riggs 

Dlreccor of Graduate Admissions 

ORR/da 
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The key equation in the model is the long-run demand for faculty, 
which wi 1 1 be wri tten in I09 form as dependent on enrol Iments and wages: 

FAc"* = -nSAL + ENR + M, (5.6) 
where the capital letters refer to the natural logs of the variables and 
where FAc'* = number of faculty demanded, SAL = salary, ENR » enrollment, 
and « random disturbance. The unit coefficient on ENR Implies that the 
faculty-student ratio is fixed except when salaries change. 

Actual changes in faculty (fA£) employment can be assumed to move 

toward the long-run according to the standard partial adjustment model 

AFAC = \ {fAZ^ - FAC ) (5-7) 
D " 

whichi substituting for FAC , yields 

FAC = -AnSAL + XENR + (l-A) FAC ^ + {5.8) 
as the relevant estimating equation. In (5-8), the long-term elasticities 
are obtained by using the coefficient on FAC ^ to obtain A and dividing 
into the other coefficients. 

S 

On the supply side, the supply of faculty FAC will be taken to depend 
on the number of persons '^available" to teach and on salaries in academla and 
in alternatives (asal) 

FAC^ = tSAL - aASAL + bSTK + - cSAL - aASAL + b^FAC^^ (5.9) 

+ b^PHD + 

where STK * estimated number of potential faculty 

PHD = nunber of new Ph.D. graduates in the period 
random error 

The estimated potential supply (STK) will be calculated as the sum of the 
number of faculty in the previous period less an estimate of ''depreciation" 
plus the number of Ph.D,*s interested in teaching. Changes in the outflow 
of experienced faculty or in the willingness of new Ph.D. 's to teach due 
to changing market conditions are captured in the responses to SAL and ASAL. 

If salaries are assumed to clear the market in each period^ (5^9) 

can be combined with (5.6) or (5.8) to yield ''reduced form'^ equations for 

D S 
salaries and employment. Setting FAC in (5.6) equal to FAC in (5.9) 
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yields: 

FAC * (e:/e+n)ENR + (n/£+n) (-aASAL + bSTK) + t^. 10) 

SAL * (I/£+n)(ENR+ aASAL - bSTK) + (5. 11) 

with (5.8) as the demand equation^ an additional FAC^j term enters both 

e<]uat{ons. 

)f» as seems reasonable* salaries do not adjust sufficiently rapidly 
to clear the market in each period. It Is necessary to add a salary ad* 
justment equation to the system. One possible adjustment equation 
postulates that salaries move along a partial adjustment path, toward the 
market clearing level: 

ASAL * i|^(SAL*'SAL ,) (5.12) 
where SAL is the long-term equilibrium as determined by SAL in (5.11). 
Substituting (5.11) into (5.12) yields the estimating equation: 

SAL = (ili/£+n)(ENR 4 aASAL'bSTK) 4 ( I-il') (SAL^ , ) + (5.13) 

An alternative potential salary adjustment model is to make changes 
depend on the deviation between actual and desired levels of employment: 
SAL * *,[>AC^,, ' FAc] + ^^CfAC - FAC^^j] (5.14) 

where FAC^ . * FAC represents the difference between employment demanded 

' S . 

at the initial wage and current employment and FAC FAC is the difference 

between employment and the long-term level of supply at the existing wage. 
Since salaries will rise when demand exceeds current levels of employ- 
ment and when employment exceeds long-term supply, and 0. 

Substituting and simplifying, we obtain the following estimating 
equation 

SAL - *,ENR + a ^^^SAL + (*2'*,)FAC + (l-*jn-*2^* ^'^'-^i "^^^5 t^''^) 
Since ^1 is the coefficient that weights the der nd influence on salaries 
and ^2 coefficient Chat weights supply influences, if (as seems 1 i kel y) , 
demand factors are more important in salary determination, ^2 ^ 
coefficient on FAC will be negative, if supply factors are more important, 
the converse will be true. Because economists lack an adequate theory of 
salary or price adjustments (Arrow, 1959) there are other possible ways in 
which to model the salary adjustment process and in which to interpret the 
resultant coefficients. Since, in general, the various models have similar 
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basic structures, with lagged salary terns picking up the effect of the past, 
) will not develop alternatives in this paper but inste<*«d focus on estimates 
of (5J3) and (5.15)* 

Given partial adjustment equations (5^8) and (^^3) or the 
reduced form of the model can be written in the following matrix form 

s"-*(«*»S<; (5.16) 
where A and B are matrices of reduced foim coefficients and X is a column 
vector of exogenous variables (ENR, ASAL, and PHD)* This equation high- 
lights the interrelated adjustment of employment and salaries in the 
market, with lagged values of each affecting the other* To obtain the 
Iong*term impact of the X*s on FAC or SAL, it is necessary to solve the 
matrix equation 

SAL " ^^^^ 

Because the supply of Ph.D* graduates is taken as exogenous in the 
model, it does not provide a "full" long-term equilibrium but rather 
yields employment and salary relations conditional on number of Ph*D* *s* 
The economic factors that influence the supply of Ph+D+*s have been 
examined in detail elsewhere (Freeman, 1971. I975b» I977b; Center for 
Policy Alternatives, 1977) and are not pursued here* 

Table 5*9 presents estimates of the demand for faculty equation (5*8) 

and variants thereof for the period 1920-1976 using the data described in 

detail in the source note* The calculations in lines 1^^ relate log 

faculty to the salaries of assistant professors on the hypothesis that 

demand is more responsive to the pay' of younger nontenured than of older 

faculty, while line S uses the salary of full professors as the relevant 

cost variable* Both variables are deflated by the Consumer Price Index 

18/ 

(CPI) tu remove the effect of inflation* — Because of sharp abnormal 
jumps in the period surrounding World War H, the years 19'*'*"19'*8 are 
deleted from regressions 1-3 and 5* To make sure that this deletion is 
not critical to results, line ^ covers the entire period* The calcu" 
lations are limited to even-numbered numbers (ending academic year) due 
to data availability* 
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— A more appropriate but unavailable deflator would be the price 
of output of inst J tut ions ^ including substdy prices* 
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TABLE 5.9 





EST IMATES 


OF DEMAND FOR FACULTY, 


1920-1976 








And Ttchniqut 


Conttant 


SAL 




ENR 


ENR f"]> 




R' 






A A. 


"0.13 
(0.12) 


^0.15 
(0.10) 


0.74 
(0.10) 


(0.11) 








2, OLS 


3.3 




^0.18 
(0.06) 


0.52 
(0.0B) 




(0.08) 


11.9 9 « 




3. IV 


6.3 


"0.20 
(0.12) 




0.58 
(0.10) 




0.47 
(0.10) 


0.998 


1.37 


4. OLS*" 


3.2 




-0.20 
(0.06) 


O.SO 
(0.05) 




0.58 
(0.06) 


0.99B 


l.Bl 


5. OLS* 


3.2 




"0.16* 
(0.07) 


0.4B 
(O.OB) 




0.S6 
(0.09) 


0.999 


1.21 



*Deiwnd«nt variable U log PicuUy IFAC)\ indtpendtnt viiUblM alto in log form; numbers in pirentheMS m ftandtrd ertorv; 
D.W. " Durbiii Wttton lUtUttc; OLS *> ordinary least cquaret; IV > inatrumental variaUet: lage»d variables ind tog Ph.D. as 
initniments; period covered excludes 1944-194B, except in line 4. Salary variable is salary of aalstant profesiors deflaUd by 
C.P.I. except In line S; observations covered are even -numbered years. 
^Covers entire period including 1942-1948. 

*Salsry variable is salary of full professors deflated by C.P.I.t period 1942-1948 excluded. 

Sources: fAC * toul instructional aUff« from U.S. Bureau of the Census (Various: Series H317, 210); U.S. Office of Education 
(1974*1977: 17B, iaUe 3.04 in v<dume 3); ENR « toUl degree credit enrollment, from same sources (Series H32t, 210, uble 
3.03). SAL > salary of asiisUnl (full) professors. 
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The main finding in Table 5«9 is that demand for faculty responds to 
changes in academic salaries with a snail but reasonably well -spec! fied 
elasticity and with some lag. In equation 1, which links faculty employ- 
ment to the real salary of assistant professors and total enrollments in 
the current and precedent (two years previous) period, the elasticity with 
respect to the sum of the two salary variables is -.28, while the coef- 
ficients on enrollment run to the expected unity (1.05). Addition of 
of lagged employment of faculty essentially eliminates the effect of 
current salaries and lagged enrollments, leading to equation 2, which 
relates emptoyntent to salaries two years earlier, enrollment, and lagged 
faculty, tn this equation, the long-run elasticity of demand is ^ 
-,38 (= l8/(I-.53)) somewhat larger than in the first regressions. 
In line 3t the lagged salary variable ts replaced by current salaries. 
Instrumented for simultaneity on lagged salaries, number of Ph.O. graduates 
(in log form) and the other variables in the equation, with similar results. 
Here the shortgun elasticity is -.20 and the long-run elasticity is -.38. 
Addition of the deleted years 1944-48 in Une 4 gives the same short-run 
elasticity and a somewhat higher long-run elasticity (-.44), indicating 
that despite the obvious differential developments in those years, the 
results do not hinge on a particular subset of observations. When the 
salary of assistant professors is replaced by the salary of full professors 
In line 5* the results are also comparable, in part because the salaries 
of the two groups move together. Enrollments obtain a coefficient of 
about unity in all of the calculations, supporting the notion of a fixed 
faculty-student ratio, cost incentives held fixed. In short, the evidence 
Indicates a long-term elasticity of demand with respect to salaries of 
-.28 to -.44 and of unity with respect to enrollments, and suggests an ad- 
justment process in which demand responds to past salaries and current 
enrollments with a partial adjustment parameter of about one-half. 

A similar set of findings is given in the salary regressions of Table 5.10 
which record estimates of equations (5.13) and (5.15) with STK calculated 



19/ 

— The long-term equilibria are obtained from the partial adjustment 
model ^ 

iX ^ Xi< - X(-I)] ^ 
where £X Is the change In the variable, X Is the desired equi I Ibrlum level , 

Q X(-l) is the previous level, and ^ is the partial adjustment parameter. 
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TABLE 5,10 



ESTIHATES OF ALTERNATIVE SAURY OETERHINATION 
EftUATtONS FOR ACADEMIC FACULTY. 1920-1976 



Cotufcnt 








FAC 


SAL f-l; 






1. 3.0** 


0.2O 
(0.13) 


0.66 
(0-11) 


-0.36 
(0.13) 




0.36 
(0.09) 


0.972 


1.14 




0.53 
(0.20) 


0.72 
(0.11) 




-0.69 
(0.21) 


0.22 
(0.09) 


0.975 


1.21 


3. 3.5* 


0.14 
(0-11) 


0.66 
(0.10) 


-0.26 
(0-12) 




0.25 
(0.09) 


0.979 


1.09 


4. 5,0* 


0.35 
(0-17) 


0.71 
(0.10) 




-0.4 S 
(0.1 S) 


0.16 

<aos) 


0.981 


1.22 



■Dtpentknt vinible b tof itltry (5^L)orriettlty,wiUiitltnMorii«ifUntpro- 
r«tfM in Unf« 1 and 2 and itlirie* of futt profctton En Isnct 3 and 4, both 
daflatad by C.P.I. Itid«pandcfit vtriabk* 'm bf fom. Period covered exclude* 
1944-194S. Numbect 'm parentbtic* are itandaid enora: D.W, • Durbin-Wataon 
fttaUftic. Alt tatimatea by ordtaaiy taaat aquam. 

^^LT*i aalary of achoot teacbera from O.S. Bureau orCeii«ua(VariQUft: Seriea 
D726) and froa VS, Orfice of Educatkm (1972) with 1976 estimated udnf 
percent change in averafe hourly eaminft for production workera. 
^STK estimated aa tog of (0.97 K absolute number of faculty in ptevioua period 
^ 0.70 K number or ?h.D.a graduated In currtnt and prtcedent y^ar). Hiia at- 
ftumes a 3 percent outflow and that 7 0 percent of new Fh.D.a would on average 
dctire to teach. 

^AcatGtantprofcaora salary. 
*FU11 profesiort salary. 

Sources: U.S. National Science Foundation (1968: 10, Ubie 2; 1974: 20, table 
B-1: 1970^ 189-190, UbIe A44: 1975: lia tablet B, B-25) with Fh.D.a ob- 
tained from U.S. National Academy of Sctencea (Annual). 
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as described In the table note and with FAC entered separately. Alternative 
salaries (ALT) are measured by the salary of high school teachers. White 
teaching in secondary schools is a significant option for many faculty, 
especUlly at the junior and convnonlty college levels^ the variable was 
chosen primarily because It is the only professional income series covering 
the entire 1920-1976 period.—^ Lines 1 and 2 of the table relate the 
salaries of assistant professors to the estimated stock of faculty, en- 
rollment and alternative salaries while lines 3 and 'i deal with the salaries 
of full professors^ In all of the calculations, the explanatory variables 
obtain correctly signed and generally significant coefficients of reasonable 
magnitude^ According to line I, for example, an II percent increase in 
enrollment raises salaries by ^2 percent In the short^run and by ^3 percent 
in the long-run; increases in alternative earnings have larger positive 
effects; while the **stock** of available academics reduces salaries with 
an elasticity of -^36 In the short-run and -*56 in the long-run. The 
effect of current faculty size in line 2 is even larger, -*69, providing 
strong evidence of what may 6e called a demand tradeoff between employment 
and earnings. Not surprisingly, perhaps, the effect of the available 
supply or current employment on the salaries of full professors in lines 3 
and 'i is estimated to be much smaller, with long-run effects of -.35 (line 3} 
and -.57 (1 ine ^i) . 

In all of the lagged-adjustment regressions of Table 5.10, the estimated 
adjustment parameter (one minus the coefficient in SAL(-I}} is larger 
than in the corresponding employment regression of Table 5.9. This implies 
a more rapid response of salaries than of employment to market conditions, 
which may reflect the importance of tenure on employment adjustments and 
the key role of quality adjustment in academia. 

The way in which faculty employment and salaries are affected by shifts 
in demand and supply schedules is examined in Table 5*11 by least squares 
estimation of the reduced form of the model of (5.15)- Shifts in demand are 



— ^National Education Association (1965) data reveal that in academic 
year l963-6*i and l96*i-65, 17 percent of all new academic hires and one-third 
of those in two-year institutions come from secondary''s»hocl teaching. 
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TABLE 5. n 



REDUCED FORM ESTIMATES OF THE DETERMINANTS OF 
SALARY AND EMPLDYMENT OF FACULTY, 1920-1976 



Coefficitnis on 

tndtpendtnt 

Variable SAL FAC 



1. 




ENR 


0.12(0.15) 


0.54 (0.09) 


2. 




ALT 


0.74 (0.13) 


0.05 (O.OS) 


3, 




Ph,D. 


^0.12(0.11) 


0.06 (0.07) 


4, 




FAC('l) 


-0.17(0.24) 


0.39 (0.14) 


5, 




SAL ("D 


0,40 (0.10) 


^0.21 (0.06) 


6. 


Summary sUtistics 














0.974 


0.999 






SEE 


0.051 


0.030 






D,Wv 


1.06 


1.43 


7. 


Long-run «)uticLtiei^ 












ALT 


1.31 


-0.29 






Ph.D. 


-0.26 


0.17 






ENR 


^0.12 


0.94 



^Dep^dent variables are deflated salary of aftsitUnt proressors and toUl number 
of faculty. Independent variables are in Itt form. Numbers in parentheses are 
tUndard error«;D.W.*Durbin^Wat3on statistic; years covered exclude 1942*1948. 



**CaJcuJated by solving equation f | » (!'A f BX 

where ^ isthematnit of coefficients on S^L (-1) and (-1). 
Sources: U.S. National Science Foundation (196S: 10, table 2; 1974: 20, uble 
B-1; 1970: 189-190, Uble A44i 1975: 110. Ubtes B, B-25); U.S. Bureau of the 
CSeniu* (VarLout) and U.S. Office of Education (1974-1977). 



137 



-129- 



measured by enrollinents and alternative salaries by the pay of high school 
teachers as in previous computations. Because FAC^^ enters into the 
reduced form separately, the STK variable (which consists primarily of 
FAC(-I)) Is replaced by log Ph.D.'s. 

The regression results provide general support for the applicability 
of the model to the faculty market and suggest considerable responsiveness 
of employment and salaries to exogenous developments. Consistent with 
preceding estimates^ alternative earning opportunities a* _ enrollment raise 
salaries of academics while the number of Ph.D.^s reduces salaries, as 
does the lagged number of faculty. The only anomalous coefficient is 
the effect of alternatives on faculty employment, which is positive rather 
than negative, as might be expected. Because of the Interaction between 
salaries and employment in both equations, however^ this does not 
necessarily translate into anomalous long-run effects, for the long-^run 
impact of the exogenous factors depends on the interrelation between employ* 
ment and salaries, as specified by equation (5. 17)* 

Line 7 presents the results of solving the system to obtain the desired 
long-term impact coefficients: in the full solution, alternative earning* 
raise salaries and lower employment, as they should, while the nurriber of 
Ph.D.'s has the opposite effect. Here, however, another anomaly arises: 
while enrol linents have a large positive effect on faculty employment, they 
are estimated to reduce rather than raise salaries, though by a relatively 
smal 1 amount . 

While the computations In Tables >. 9*5-11 provide general support for 
the notion that the academic market place responds in economically sensible 
ways to exogenous shocks, they suffer, it should be stressed, from several 
weaknesses. First and most importantly, many of the features of the market 
place discussed In Part I have been deleted from consideration In order to 
make use of limited available quantitative data. Second, econometric Issues 
(serial correlation of residuals, simultaneity, possible correlation of 
residuals across equations, lines of causality) have not been seriously 
examined. In part because previous work (Freeman, \S7^a) has found the 
basic results Impervious to these Issues. Third, alternative models , -'-for 



erJc 



138 



-130" 



Instance* a detailed autoregressive moving average procedure — have not been 
estimated as a means of testing the robustness of the findings^ The basic 
data are too weak to merit such analysts. What they show Is an Inverse 
relation between academic employment and salaries and a link between those 
variables and the supply side of the system* which is at least roughly 
cofisfstent with the notion of a flexible tabor market. 



This study has examined the operation of the faculty Job market from 
the perspectives of the theory of derived demand* the institutional charac 
teristics of academia* and a simple econometric model of demand and salary 
adjustment. The paper has emphasized that demand for faculty is responsfve 
to changes in the cost of employment* albeit with peculiarities due to 
nonprofit motivation and the distinct features of higher education. It 
has argued that the nonprofit nature of colleges and universities i ncreases 
responsiveness in the short^run while entry and exit conditions of insti- 
tutions are likely to produce long*run demand behavior similar to that in 
profit markets. According to the analysis* concern for quality in academia 
may produce complex interactions between the number and quality of workers* 
which are likely to lead to greater quality than quantity adjustments, 
rationing of places in high*level institutions* and a concentration of the 
most qualified in a limited number of universities. The "equitable" wage 
goal of universities* to reward comparable faculty similarly regardless of 
nonacademic opportunities* substantially narrows the interfield wage 
structure* producing less dispersion than in other sectors of the economy. 
Equitable wage policies exact a cost in terms of flexibility of response 
to market changes and are likely to be loosened in times of financial 
difficulties. 

Tenure also reduces the responsiveness of the higher education system, 
particularly in periods of market decline when expansion of faculty cannot 
be used to reallocate resources across disciplines. Issues of academic 
freedom aside, tenure is critical in a system where senior employees control 
appointments. Internal production of faculty and the lag structure in pro* 
ducing Ph.D.'s create an accelerator-type adjustment process with long 
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dampened cyclic fluctuations. As increasing proportions of cohorts enroll 
in college, the system becomes especially sensitive to the number of 
persons of college age^ 

The empirical analysts tii Part II has shown that the faculty market 
has fndeed undergone considerable fluctuations, indicative of a highly 
responsive labor market. The most important change in the market was the 
termination of the '^golden age*' of the I960*s toward the end of that 
decade^ With research and related expenditures no longer increasing* en- 
rollments leveling off, and the number of Ph.DJs seeking work increasing 
as a result of previous market conditions* the academic marketplace under- 
went a significant turnarounds Real salaries dropped from 1969 to I976» 
employment conditions worsened, and new Ph*D*'s were forced to take less 
prestigious Jobs^ The age structure of the faculty changed dramatically, 
with the proportion less than 30 years old declining significantly in the 
periods The econometric estimates lend support to the basic argument of 
a responsive market, though one subject to lagged adjustments.. The 
elasticity of demand for faculty was estimated to be ^^3 to -.5 while 
salaries were found to be substantively influenced by supply and demand 
forces + 
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CHAPTER VI 



PROSPECTS FOR YOUNG FACULTY IN PHYSICS 
AND OTHER SCIENCE AND ENGINEERING FIELDS TO )990 

Lee Grodzins 
Massachusetts Institute of Techno)09y 



There is well-founded concern for the continued vitality of science and 
engineering faculties* Many studies are showing that faculties are agtng, 
becoming more tenured» with fewer and fewer opportunities for hiring new 
blood. Atelsek and Gomberg (|973), In particular, showed that in the past 
four years* the faculties In the nineteen fields surveyed grew but one per- 
cent per year while the percentage of young faculty declined by several per- 
cent per year* 

This paper reports on two studies directed at estimating the future 
magnitude of these developments and the appropriate size of programs to 
counteract them* The first study» described in Part I below, reports pro- 
jections of demand for physics and astronomy faculty based on a four-tiered 
model {Professor* Associate Professor* Assistant Professor and Instructor)* 
The parameters of this model are derived from census data on Ph^D* physicists 
for the years I953"1979 which appear in the Directories of Physics and Astron- 
omy Faculties In North American Colleges and Universities published annually 
by the American Institute of Physics (AlP), In fart M of the PaPer» we use a 
simplified two-tier version of this model (senior and junior faculty) based or\ 
less complete data to extend these results to science and engineering facul- 
ties as a whole and to souie specific scientific fields* The simplified two- 
tiered mode) is also used to estimate the size of an "add'on scholars" pro- 
gram needed to reverse the projected declines In hiring of young faculty* 
We conclude In Part that modest programs* which phase out toward the end 
of the decade when retirement rates become substantia)* can result in a more 
desirable, more stable situation in which the percentage of young scholars is 
not less than 20 percent and there Is an adequate Infusion per year of these 
young scholars Into tenure track positions* 
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I - Projected Demand for Phystcs and Astronomy Faculjty^ 1978-1990 

In earlier studies (Grodzlns, 1979a, 1979b), we have shown that the 
decUnfng supply of doctoral physicists for the physics labor market fs 
reaching an asymptotic level of about 800 per year^and that dramatic 
changes In coinposftfon In physics departments over the last two decades 
mre not accompanied by major changes in promotion policies. In years 
spent at a given rank,or in relative hiring Into different ranks* The 
data Implied that the changing composition could be understood In terms 
of a single model with but one variable, the total size of the faculty* 
Here, m will test these observations and show that the compositional 
changes can Indeed be understood on the basis of changes In the total 
faculty size In physics* The inodel calculations wMI then be extrapol* 
ated to 1990; variations in the parameters show the effect of changing 
the number of years spent at a given rank, promotion percentages, the 
overall growth rates, etc. At the end of Part I, we wIVi CM^Ine 
these forecasts with our earlier supply projections to predict the odds 
that numbers of a given Ph.O* class who enter the physics labor force 
will be absorbed into a doctoral-granting physics department In succeed* 
ing years. 

The Model 



The model we will use Is shown diagramat ical ly In Figure 6*1* The 
rank of Professor, Associate, Assistant, Instructor-Lecturer, Is deslg* 
nated by the superscript 1,2,3* and k respectively. The number of pro* 
fessors at a time (t) is therefore *^xot^^^ number of 

facul ty. 

The fraction of a given rank (J) that leaves that rank each year 
will be called Fj|. The inverses of these fractions are the average times 
that the average faculty member spends In the respective ranks* This 
parameter does not distinguish between those promoted In the department, 
those pulled frofn the department to take positions elsewhere, or those who 
are forced to leave because their contracts were not renewed. 

Of those who leave a given rank, a certain fraction are promoted In 
the same department. We will call that fraction F^; promotion to rank j- 



it 

Q The value of BOO assumes that the foreign graduate students on 

£[^C temporary visas do not enter the labor market. 
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A FOUR-TtEREO MODEL OF FACULTY FLOWS 
FIGURE 6,! ^^6^ 
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The F fractions do not include those who transfer to another department 
P 

with promotion; neither do they include the few cases each year of faculty 
who make double jumps and even triple jumps of promotion^ 

The fraction of the new hires that enter Into the various ranks will 
be designated as F^, These fractions Include ^11 those who enter from 
outside the department^ whether they have or have not come from academla^ 

The input/output equations for this simple model are then given by 
the following equations: 

n'{T+1) - n'(T) + N^(T) fJ fJ + NgtT+l)F^ 
N^(T+I) *• N^(T) + N^(T) fJ F^ - N^fJ + Ng(T+l)F^ 
n3(t+1) = N^(T) + n'*(T) fJ F^ * N^F^ + Ng(T+l)F^ 

n'*(t+i) - n'*^) - n'*fJ + n^Ct+DfJ 

F^ + F^ + F^ + fJ - 1 

NgiT+I) - (T) + (T) + (T) + nJ^ (T) + CN (T) 

Total 

The fraction C ts the fractional change of the total faculty in 
adjacent years^ 

The program Is Initialized by giving the faculty sizes N-' and values 
for the eleven parameters F^, F^, and F^, With the parameters fixed, the 
only variable Is The usefulness of the model Is measured by Its ability 
to repUcate, over a period of time, the distributions of faculty ranks 
and the numbers per year who are promoted and leave. The calculations 
were carried out on a programeble calculator whose power was insufficient 
to make a systematic variation of parameters In order to optimize the fit. 
It was quite easy, however, to find a consistent set which gave satisfac* 
tory results in explaining historical data on faculty flows (see Grodzins, 
1979b). 

The faculty distributions for the *'best" sets of parameters are shown 
in Figures 6*2 and 6,3 for the 100 oldest departments and for the ten pri- 
vate school departments respectively. Comparing these distributions with the 
actual ones (reported in Grodzins, 1979b) shows that the difference be" 
tween the model calculations and the actual figures are generally less 
than 10 percent* 
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Model Cotculatlon of Foculty Distribution in 100 
PhD Granting Departments in U.S. 
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Model Colculotion of Dtstribufion of Faculty in 
(0 Physics Depls. in Private Universities 
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Three simttar sets of parameters, covering different periods* were 
needed to obtain the fit for the )00 older departmentf; only two sets 
were needed to obtain the fits for the private Institutions. We consider 
each In turn. 

In the 100 older departments, the nianbers in the lnstructor*Lecturer 
rank began to decline around 1963-64. Around 1968* the drop became pre- 
cipitous as hiring Into this rank halved. Only one set of parameters ts 
needed to obtain an acceptable fit to the changes tn the distribution of 
faculty ranks from 1368. The set chosen Is not optimum and a single set 
is not unique; the effects of smalt changes in one parameter* such as 
years In the Instructor rank, can be compensated by changes in another 
parameter, such as the numberhired In the Instructor rank. A decrease in 
the average time spent at the Associate (or Professor) ranks results in 
an Increase In the size of the Assistant Professor. rank at the expense of 
the Associate (or Professor) rank since hiring Is mainly into the Junior 
faculty positions. 

A decrease In promotion percentages from the Assistant to Associate 
Professor ranks also increases the number of Assistant Professors at the 
expense of the Associate ranks. The percentage of Junior faculty increases 
and so too cloes the number of new hires, but the latter group flows through 
the system without "sticking" — that ts, the actual number absorbed into 
tenure positions does not rise. 

Increases In the percentage hired at the lower ranks also increases 
the sizes of the junior faculties but decreases the proportion absorbed. 

In Figure 6.4 we show how well the model calculations duplicate the 
actual percentage of Junior faculty for the 100 older schools and the ten 
private Institutions. The private schools consistently have higher per- 
centages of young faculty since the average "sticking" fraction of new 
hires Is lower than for public universities; on the average these ten 
schools promote only 3S percent of those leaving the rank of Assistant 
Professor versus almost 55 percent for the public Institutions. The 
value of 35 percent promotion has a very broad spread: some schools 
Q promote only one In six of their Assistant Professors while other schools. 




equally prestigious, promote more than half. Examining the records of 
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each of these ten schools over the period fron^ I95S on indicates that each 
school has maintained Its ov^n tradition of hiring and promotion practices 
with little change over 20 years. We expect that this observation is gen- 
era); there is undoubtedly great variation in promotion and hiring prac- 
tices from department to department but an Individual department maintains 
a consistent practice over a long period of time^ 

Atelsek and Gomberg (197S) have tabulated the factors expected by 
physics departments for the 1978*79 academic year. The numbers from their 
survey are listed in Table 6.1 along with the actual parameters and the 

model parameters for the 1977-78 to 1978-79 transitions. The differences 
are not great; the sets of parameters are quite consistent with each other. 

Before talcing up the consequences of this model, v^e v^ish to emphasize, 
if it is not abundantly clear* how simplistic it is. There are no feed- 
back loops. In this model the composition of the faculty is neither de~ 
termined by the availability of the supply of potential professors nor by 
the need to carry out certain academic duties such as teaching or research* 
except insofar as the patterns v^ere historically established by each de- 
partment in order to best carry out its varied functions. In light of the 
consistency of the trends over the past 20 yearsi it seems reasonable tc 
assurrie that the parameters which departments can control (promotions and 
hiring percentages* as welt as the average time spent in the junior ranks) 
will not be muck affected by educational or marketplace forces. There are, 
however* parameters which are so affected and which could have substantial 
impact on the number of young faculty brought in each year. 

Most important is the fraction of the Professors who leave each year. 
Death plus retirement are expected only to deplete the Professors rank 
by at most two percent per year. The actual rate of depletions of this 
tenured rank has been one and one^half to two times higher. We do net have 
much fotlow-up information of where these faculty* who neither retire nor 
die* go* but we do know that sofr-e take administrative positions in academta 
while others take administrative positions in research laboratories in gov- 
ernment and in industry. Some leave to start their own businesses and 
others leave the country* generally tc return to their country of origin. 
Incentives for early retirement would tend to increase the numbers leav- 
ing the tenured ranks* counteracting the increase in the statutory retire- 
ment age which has taken place in the past year. 



TABLE 6 J 



A COHPARISON OF PARAHETERS AFFECTING FACULTY CHANGES FROH 1977/1978 TO 1978/79 ACADEHIC YEAR 

(DOCTORAL GRANTING PHYSICS DEPARTHENTS) 



Total 
Hires 



(I) 196 Physics 
and Astronony 
Departments 



(3) HEPR Survey, 
1978-79 (expected) 
)56 Departments 

ik) HEPR Survey, 
1978-79 (expected). 
Private Schools, 
51 Departments 

(5) Node I 
Calculations 
"Best" 1968-79 
Parameters 

(6) Hodel 
Calculations 
"Best" 1968-79 
Parameters 
(private) 



235 



(2) 100 "Oldest" 
Physics Departments I36 



220 



71 



Percentage of Hires 



Prof, Assoc, Asst, 



Inst./ 
Lect. 



12.8% 18.7% 
12.5 17.0 

13. ti 10.7 



6.8 



16.0 



9.0 



5.3 



II. 0 



2.0 



55. 3S; 
55.9 



59.0 



13.2% 
lti.7 



59.7 16.1 



73.7 12.3 



U.O 



65.0 23.0 



Percentage of Those 
Leaving Rank of 

Prof. Assoc. Asst. 



Inst./ 
Lect. 



2.5% 
2.5 



4.0 



3.2 



11.6% 26.4% do. 6% 
12.7 25.3 38.1 



U.3 25.0 



25.0 



30.0 



35.0 



40.0 



Percentage of Those 
Leaving Rank Who 
Are PrcMTOted to 

Prof. Assoc. Asst. 



77.1% 57.2% 
80.2 55.4 



80.0 



60.0 



53.0 



42.0 



12.1% 
32.0 



25.0 



30.0 



Source: (l) and (2), AlP Directories of Physics and Astronomy Faculties In North America; (3) and (4), Atelsek 
and Gomberg, 1979; (5) and (6), Model Calculations 



The distribution by ranks of new hires is obviously at the control of 
the departments^ but the percentage of nev^ hires that are young is already 
high and all departments will have needs for hiring some new faculty at 
the senior levels^ The overall growth rate of faculty Is the single niost 
Important parameter affecting the department composition* Throughout the 
l98C's» the number of college'-age students will decline^ falling to about 
12.5 miliion students in the ages between I8 and 21 by the year |S95* 
While this decline may have an important effect on aggregate enrollment, 
there seens to be no compelling reason why it should affect the-number of 
feculty in most of the doctoral -granting schools. Almost all of them are 
sought-after universities that turn away wel I- qual if led applicants. 
Through the 198C*s, these universities may have to broaden their criteria 
for acceptance in order to maintain their student body size, but the 
changes in admissions criteria are not likely to be major and the dis* 
ciplines which the students will pursue are not Itkely to be less oriented 
toward sciences in the 1980's than they have been in the past* Physics 
teachers are needed primarily to teach the service load courses* We ex" 
pect that that load vmH be largely independent of the total student en- 
rollments* We, therefore, consider both positive and negative growth 
rates In the following section* 

Model Calculatio ns of the Faculty Distributions in Physics Until IgSO 

The simple nxDdel described above has been used to determine faculty 
compositions, the percentage of junior faculty, and the hiring at the junior 
levels for various parameter sets extrapolated to 1390* In Figure 6*5, these ^ 
calculations are plotted for the 100 oldest departments as a function of 
total faculty growth rates; * best" fnodel parameters are used* In Figure 6*61 
for the 100 oldest physics departments, we show the dramatic effects on 
junior faculty if average retirement age jumps to 70 years* 

Further erosion in the total faculty size will continue the leverage 
reducing the stze of the junior faculty* Even a constant faculty size 
will cause further deterioration in the hiring and percentage of junior 
faculty unless about three percent or more of the Professors leave each 
year* In fact, if the actual employment parameters of the past year are 
maintained, then a constant faculty size will result in faculty that will 
be only ten percent junior in l990, as shown in Table 6*2* 
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TABLE 6.2 



^FECT OF TURNOVER IN RANKS 
ON A FACULTY OF CONSTANT SIZE 
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Professors 
Associates 
Assistants 
InstVLects, 

TOTAL 
15% Junior/Total 



Percent New Hires by Rank 
16% 
11 

59 
lit 



139 New Hires in 1978-79 



Percent Promoted to Rank 
80% 
53,5 
25 



li,5% of Total 



rrobability of Obtaining Tenure i n a Ph.D^-Granting Physics 
or /Astronomy Department 

Comparison of these demand projections with our earlier work on 
Supply projections {Grodzins, 1979a) permits simple predictions on the 
probability that a member of a Ph.D^ class will become tenured In a 
re6earch*or1ented physics department sane years after graduation. Such 
a calculation assures much and ignores much» including any variation of 
parameters with time* 

The number of tenure positions per year is obtained by the appro- 
priate multiplication of the number hired at the junior ranks by the 
respective probabilities of promotion. For the calculations resulting 
in the number of Figure 6,7> the "best** model calculation was used; the 
faculty size was assumed constant after 197S^ We further assumed that 
the average junior faculty member entered academla three years after ob- 
taining the Ph*D, The probability of eventually being a tenured member 
of the 100 oldest or of any doctoral^grantlng physics or astronomy de^ 
partment Is then obtained by dividing the number of tenure-track openings, 
determined at the time of entrance to academia^ by the nunber entering 
the labor force three years prior to that entrance. 

The number absorbed into the ICO older departments is shown in the 
bottom of Figure 6,7t the probability of attaining tenure ts shown at the 

top. In the early l96C's, between 30 and kO percent of all Ph,D,*s found 
tenured positions In doctora 1 "grant Ing physics departments. The probabil- 
ities iiave dropped to below ter» percent in thft I970's, They are expected 
to grow slightly to the I2*I5 percent range by the mid-l980's. 

The simplistic model used for the calculations of Figure 6,7 finds 
some Support from a cohort study done three years ago. Cohort groups were 
followed from 1963 through 1975 with the use of the American Institute of 
Physics directories, A four-year time tag between the Ph,D, award and en- 
tering academla was assumed. The results are shown in Table 6,3; the under- 
lined values are estimates^ We concluded^ with far fewer assumptions than 
used for Figure 6,7» that 3'», I'*, and 8 percent of the Ph*t), classes of I96'»^ 
19^7» and 1970, respectively, attained tenure in a doctoral-granting physics 
or astronomy department* The agreement of the model with the **data^' Is good 
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TABLE 6.3 



PERCENTAGE OF A PHYSICS/ASTRONOMY Ph.D. CLASS 
ATTAINING TEMURE (ASSOCIATE PROFESSOR RANK) 

Percentage 
of Ph.D. 's 



Ph.D. Year 


Number 
of Ph.D.'s 


Entering 
Job Market 


Enteri ng Facul ty 
k Years Later 


Percent 
That Stick 


Enteri no Phv sirs 

k 1 1 V V III %4 1 1 1 T ^ 1 \^ ^ 

Labor Market 

Who Attain Tenure 


1959-60 


57i> 


520 (90^) 


350 


291 




1963-6i» 


792 


713 (90^) 


350 


70% 




1966-67 


1233 


1085 (85^) 


260 


57% 


\t*% 


1969-70 




1236 (8o^) 


200 


50% 


B% 


I97i»-75 


1293 


989 (77^) 


200 


t*o% 


B% 


1978-79 


1100 


850 (77^) 


200 


50% 


}2% 



NOTE: K A fixed interval of four years is assumed between Ph-D. 
date and first entrance into faculty ranks. 

2, Underlined values are estimates (see text) ^ 
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for the and )970 classes, but the nK>del apparently missed the sharp 

drop In the "sticking*" probability by one year. 

Finally^ we emphasize that these projections are for all of physics 
in doctoral-granting physics and astronomy departments. The projections 
should not be applied to the non^doctoral departments^ which^ we believe, 
will feel severely the effects of the declining 1 8^-2 1 -year-ol d population. 
Nor should the projections be applied to the sub*fie)ds of physics^ For 
example, ft is likely that the probability that a nuclear physicist, who 
obtains a Ph,D, In 198), will attain tenure in a doctoral*grant{ng depart* 
ment may be close to 30 percent, while the analogous odds for an astro* 
physicist may be less than ten percent^ 



The projections for physics just described are based on census datci 
available for physics faculties from 195? through 1979, Such a detailed 
approach is Impractical in fields other than physics since the data are 
not available. For other fields we have secure information only for re^- 
cent years and then only fcr growth rates and for changes in faculty com* 
position, in particular the changes in the percentages of the faculties 
that received doctorates vdthin sevc-n years of the survey, A more simp* 
lified two*tiered model is appropriate. 

Figure 6*8 shows a schematic drawinr of such a model. The facMlty is 
divided into junior and senior (or recent and long-ago) members. The 
fraction of the senior faculty that leave Per year, F^^, is generally in 
the range of two to four percent. The fraction who leave junior (recent) 
ranks of a given institution each year, Fj|> is between 20 and 35 percent^ 
i,e*, the length of time spent in the junior (recent) ranks is between 
three and five years. Of those hired each yearj a certain fraction, F^, 
are into the junior ranks, the remainder go intc senior ranks. 

To use the model, one starts with initial values for the number of 

senior and junior faculty tn an Initi£l year. Each year, a fraction, F_ 

of the junior and, F_ of the senior faculty leave their respective ranks, 

S 

Of the former^ a fraction, Fp, get promoted. The number that are hired is 
the growth plus replacenr.ent. The values of the parameters are assumed to 



11 , Projected Oeriand for Science and 
Engineering Faculty, 197^ 1990 




be fixed in time. 




-153- 



= N ^ Fl^ 



<4 


J 








jyjSejiior 


^ 


i 

lJ= N^Fifd-FpS) 


N^F^y FpS 














jsj Junior 


0 



NeFe'^ 



Fe^ + Fe'^ = I 



ERIC 



A TWO-TfEREO HOOEL OF FACULTY FLOWS 
"F tGURE 6.8 is i" 



Such a two*ttered irodel fits historical data on physics faculty rather 

welK In Figure 6^9, the number of junior and senior faculties is shown in 
100 Ph.D. physics departments from 1959-60 to 1977^78 (solid lines) together 
with the ''best fit" based on one set of parameters. 

Equation 1 

- 0.035 f;* = 0.33 

Fp » 0.350 F^ = 0.15 

The only variable is the total size of the physics faculties in the 100 
institutions each year. As in Part I above» only minimum effort was made 
to find a good fit and that was Judged by eye. The parameters In Equation I 
are not optimum for extrapolation since they are average values over a con* 
stantly shrinking Instructor rank> once so Important. In recent years, that 
rank has all but disappeared and the values of F^ and F^ are now close to 
0.25 and 0.'f5 respectively. 

The good fit over a 20-year period shown in Figure 6.9 with not unrea^ 
sonable parameters encourages application of the rode! to the fragmentary 
data of Atelsek and Gomberg (1979). Figure 6.10 shows the result of fitting 
the data for all the science and engineering fields surveyed by Atelsek and 
Gomberg to the two-tiered model. Curves I, 2, and 3 assume the total faculty 
growth rate of the recent past. There is little to ctioose among the different 
parameter sets, although set J does best for data from 1973 on. When the 
fraction of recent doctorates is extrapolated to I990» we find that even if 
faculty growth rates of one percent per year continue, the fraction will fall 
to about 20 percent. But growth rdtes in the I980*s are more likely to be 
negative than positive. Extrapolations k and 5 with zero and minus one per* 
cent per year growth rates are more realistic. However, as the academic 
market turns down, there is likely to be an increased exodus from senior 
ranks. (The tenure system prevents faculty being pushed out; those pulled 
away will be from among the best.) Curves k and 5 assume that Fj^ fractions 
will increase by one percentage point. The overlap of curves 3 and k IHus* 
trates the obvious fact that a decrease In growth rate Is equivalent to an 
increase In exodus rate. If the faculty shrinks by one percent per year 
(somewhat less than the decline in the 18-22-year population) the fraction 
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FIGURE 6.9 
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Projected Trends in Science -Engineering Faculties 
BASED ON Data from Atelsek and Gomberg, HEPR 43 
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of recent doctorates on faculties {curve 5) will contract stgnif icantly» 
even with increased exodus of senior faculty; the percent recent doctor* 
ates will fall to 13 percent. 

The Atelsek'Gomberg data are from only a portion of the tota! science 
and engineering academic community, although within the 19 fields covered 
a significant fraction of the leading research departments answered the 
survey. A broader data base is available from the National Research Coun- 
cil's (NRC) Surveys of Doctoral Scientists and Engineers which were carried 
out in 1373, 1975, and 1977. Figure 6Jl shows the trends In the percent re- 
cent doctorates on the faculties in those three years. While the definitions 
used to cull the results from the NRC data were presumably the same as for 
the Higher Education Panel Report {HEPR) study, the NRC values are consider- 
ably higher, though with similar trends. The discrepancy Is almost cer- 
tainly due to the vagueness of the phrase "within seven years" of the doc* 

torate. We expect that the NRC data contain at least one more year of 

doctorates than does the HEPR data. When the fT>ode1 is fitted to the data, 
assuming again a I.I percent per year growth in total faculty, a good fit 
Is obtained with parameters not very different from those of curves 1 and 2 
of Figure 6.10, The suitability of fit Is primarily a function of the rates of 
changes of the factors and not of the absolute values. Two extrapolations . 
are made; one for no growth, the other for a IJ percent growth. The former 
results in a 20 percent recent doctorate component in |990. 

The extrapolations of Figures 6.10 and 6.11 for the aggregated faculties 
are useful overviews but are not particularly helpful for deci sion-niaking, 
since Individual fields differ widely. Figure 6.12 shows the data from 
Atelse!^ and GcMnberg (|97?) for five fields; chemistry, electrical engi- 
neering, mathematics, physics, and psychology. The initial values of the 
fraction of new doctorates differ by rnore than a factor of two* So, too, 
do the slopes of the curves. The initially high-valued fields have been 
falling precipitously; fields which h^ve already taken their Uimps are 
changing slowly, 

if zero grr^th rates are the rule in the ISSO's, then we can expect 
that by iSgO, ihe percentages of recent doctorates will range from a high 
of 20 percent (psychology) to a low of 10 percent (physics). The latter 
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FIGURE 6.1 1 

PROJECTED TRENDS rN SCIENCE PLUS ENGINEERING FACULTIES 
BASED ON NRC SURVEYS, 1973, 1975, and 1977 
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value Is similar to the predictions in Part i where we showed that for 
physics the use of jun^ior faculty Is roughly equivalent to the '*within 
seven years" faculty. 

We have not considered negative faculty growth rates In Figure 12, 

even though we believe that many fields will suffer such declines, since 

we anticipate that increased exodus from the senior ranks will add open- 
ings to compensate for the decreases* size, 

in* The Effect of an Add'On Scholars Program 

The research community is complex, with many Interconnected forces 
working to maintain the research strength which is the primary function 
of the coinmunity; like a living organism, research academe has evolved 
to withstand buffeting. The loss In research vitality and In total re* 
search productivity as a result of a shrinking young faculty will become 
transparently clear only when the situation becomes much worse than now* 
If we do not heed the clear warning signs of enfeeblement, it will take 
a decade to heal the damage. The most obvious cure ts an Injection of 
young scholars* We will not discuss here any specific proposal, such as 
that proposed by the Nf^C's Committee on Continuity In Academic Research 
Performance (National Research Council, 1979), but wilt assess the con* 
sequences of a general add*on scholars program* 

The criteria for an add*on program are that recent doctorates are 
hired beyond the numbers that would be hired without the program and that 
the promotion percentages from Assistant to Associate Professor do not de- 
cline* Such criteria are easily Incorporated Into the model of Figure 6*8* 

In Figure 6*11, we show the effect of a program which would add, each 
year, ten "recent" doctorates for every 1,000 faculty in science and engl* 
neerlng. We have assumed no growth apart from the new program* Such a 
program will stow but will not stem the downturn* 

In Figure 6*13, we show the effects In physics and chemistry of a yearly 
program of adding 10 and 20 scholars for every 1,000 faculty* The asymp* 
totic results of these programs are almost Independent of the starting con* 
ditlons* For both physics and chemistry* a program of ten scholars per 1^000 
faculty will result in |8 percent having "recent** doctorates; a program of 
20 scholar?, per 1,000 faculty will result in a 2k percent fraction* in 
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physlcs these programs are about equivalent to adding 3D and 60 new 
Assistant Professors respecttvely tnto the )00 leading research** 
oriented faculties and the results are consistent with the projec* 
tlons In Part 1 using the four^ttered mode). 

The smaller programs will stop the erosion but the final result 
will be below ''steady state." The larger program will bring the facul* 
ties almost to the '^steady-state'^ conditions^ We did not Incorporate a 
phase*out to the programs In Figures 6^11 and 6^13, but as we have stated 
before^ and as Is specifically a part of the r6Coninendations of the 
Committee on Continuity In Academic Research Performance^ the add*on 
program should phase out as retirements Increase (f^) to equilibrium 
values of three to four percent^ 

Comment I ■ 

Physics faculties are In greater difficulty than Is Indicated by 
the NftC data quoted In the Report of the Committee on Continuity In 
Academic Research Performance (National Research Council^ 1979» p* \05) * 
The NRC data Indicate a growth of K? percent between 1975 and 1977^ but 
both the Atelsek and Gomberg data and the census of all the faculties 
of physics show no growths (The census data show a small but steady de- 
cline from 1971 through I979-) The discrepancy between the actual values 
and the KRC survey data» results from the fact that the latter do not 
distinguish departments in which physicists are housed; the respondent to 
the survey gives only the name of the employer and his employment specialty. 
In recent years^ the downturn in job opportunities for physicists resulted 
in large numbers being available and many were hired into facuity positions 
in oth6:r departments. Between 1973 and I977> more than 300 Ph.D. physicists 
were so hired^ mainly Into engineering and earth science faculties. Physics 
faculties did not get the benefit of these young scientists. 

Comment I < > 

The extrapolations of Figures 6J0» 6.ll» and 6.12 predict that the per* 
centage of recent doctorates will fall below the "steady-state*' value In all 
fields by 1990^ There Is considerable ambiguity to determining the steady* 
state value for "recent'^ doctorates* Ifj for example, all seven years are 
spent on the faculty^ then the steady-state percentage is 35 percent; If 
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only five of the seven years are in faculty positions* then the percentage 
of the faculty that hold recent doctorates will drop to 26 percent. (We 
have assuttted average age at the doctorate of 29« a mean average at re* 
ttrement of 6^ and a probability of procnotion of percent.) Kuch less 
ambiguity is encountered if one used the percentage Junior faculty (Assist* 
ant Professor and below) as the measure of *yojng.** For physics that value 
ts 15 percent and is expected to fall to 10 percent. The average length of 
time spent in the Assistant Professor rank is four years so that the con* 
tinuity equations at steadystate give an e(;u i 1 ibr turn fraction of 22 per- 
cent» assuming entrance and retirement ages of 30 and 6^ and a 4^ percent 
promotion rate. Physics faculties are now at two-thtrds the equilibrium 
value and will fall below the ^0 percent mark by the mtd')980's. 

The use of equilibrium values provides useful bench marks but we had 
better understand just how different will be the world of research* 
oriented faculties when we reach that unhappy state. At equilibrium, the 
mean age of the faculty wl M be ^6 to 48 years (depending on retirement 
3ge);45 percent of the faculty will be over 50 years oId» assuming a re* 
tirement age of 70. Vte older folk are no doubt as intelligent and as 
creative as we were when young^ but will we do as much research^ start as 
many new projects* have as much Incentive* time, energy? 

Comment MI. 

^ The more senior the faculty the more it w!!I cost. In research- 
oriented departments a full Professor may cost a university three times as 
much as an Assistant Professor who m^jy get a part of h'S term salary from 
a research grant. And,^if the past is a guide to the future, the senior 
faculty vAW c'o less research thao v^uld a younger faculty. 

The mean times spent in reseorch and In research plus development are 
given in Table S.k as a function of faculty rank for each broad field. Assist^ 
ant Professors consistently spend a larger fraction of their time on research 
and development than Professors - hardly a surprise, if these percentages 
prevail In the future, then the full-time equivalent research population will 
decline as the faculties become more senior. Specifically* in a faculty of 
constant slze» a decline In the percentage of junior faculty from 30 to 20 
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MEAN PERCENTAGE OF TIME SPENT ON RESEARCH BY FACULTY RANK 



Mean Percentage of Time the Faculties in Ph,D,-Granting Institutions 
Were Involved in Baste Research in 1977 
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Mean Percentage of Time the Faculties in Ph,D, -Granting Institutions 
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perMnt would result in a loss of full-tinie research and development 

equivalents of 0*(t percent, 0*8 percent, 0*9 percent, and 1,0 percent 

if 

for mathematics, physics, chemistry, and biosciences, respectively. 



it 

1 would like to thank Porter Coggeshall for helpful discussions 
and the Commission on Human Resources for supplying the data for Figure 11 
dnd Table 
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CHAPTER VII 



AGING FtELOS: PROJECTIONS OF NEW HIRES ANO YOUNG FACULTY RATIOS 
FOR BROAO SCIENCE ANO ENGINEERING FIELOS: 1976 TO 2000" 



Charlotte V. Kuh 
Hary/ar6 Graduate School of Education 

I - Introduction 

It is the purpose of this paper to report the results of the application 
of the model described in "Reconcilable Oifferences?," which appears earlier 
in this volume, to particular broad fields in science and engineering. The 
fields are physical science (defined here as including both physical and 
env I ronmental science) , mathemat ical sc i ence ^ social sc ience ( includ i ng 
psychology) J and engineering. It is found that the projections of demand 
vary significantly from field to field. Nevertheless, all fields except 
physical science are expected to experience marked declines in new hiring 
from a peak in I98O to ? trough In the mid-I980's, follow^^d by a pick-up 
in the late eighties and then by another, far more precipitous, decline. 
New hiring in physical science does not decline until 1990* 

The effect on the ratio of young faculty to total faculty of these 
patterns of new hiring is discussed. The manner In which f leld-specif ic 
demography affects new hiring is also described. 

I I . Why Broad Fields, and Other Caveats 

It can easily be argued that the proper units of disaggregation rele- 
vant to the "health'* of the process that produces knowledge in a particular 
discipline is the discipline itself, molecular biology or econometrics^ for 
example. And even given this fine a d i saggregat 1 on^ fundamental changes in 
knowledge are only produced by a few scientists at a few universities (Klicgard 
1979)- Why, then^ does this study examine such broadly aggregated fields? 

The d^f^-rise of the use of broad fields iSj in partj one of statistical 
necessity--our statistical techniques require that there not be too many 



The research for this project was completed while the author was 
Assistant Professor, Harvard Graduate School of Education^ and was conducted 
with research support from the National Science Foundation. I w!^h to thank 
Oavid Bussard and Bernard Horris for research assistance. 
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zeroes in the matrices from which we estimate transition probabilities. 
In addition to this practical argument, however, there is a certain 
amount of theoretical justification. The few scientists at the few uni- 
versities are the outcome of a process that involves a great many nftore 
people than just themselves. They carry out their work with the help, in 
part, of students who feel that a career exists for them in science and 
hence have undertaken graduate study. The "best" are found through a 
lengthy process that involves career decisions by students, acmission 
decisions by colleges and graduate schools, funding decisions by those 
organizations that support research, and hiring decisions by academic and 
non-academic employers. We do not really know what happens to the rest of 
this^ chain of decisions when changes in the external environment, student 
demand, for example, affect hiring decisions. Igrorance, however, should 
not be an excuse for complacency. 

The results presented below should not be used to make statements such 
as ^'Academic hiring in economics is going to decline by 62 percent in the 
1980's,*' Such a statement ignores the fact that these projections are for 
broad fields, and hence average the experience and denwgraphy of economics, 
sociology, political science, and psychology. Furthermore, these forecasts 
are subject to all sorts of uncertainty about parameters* For example, a 
high rate of Inflatfor. in the I980's may mean that many faculty members 
decide not to ret i re unti I age 70 or later, Thi s woul d mean that , given 
faculty/student ratios, tficre could be even less new hiring. On the other 
hand, institutions, aiming to reduce costs, might become much more reliant 
on part-time faculty. This would change faculty/student ratios and result 
in the hiring of more people although their incomes might be seriously 
affected. 

The purpose of presenting these projections, then, is to explore the 
implications of faculty demography and projected enrollments for the evolu- 
tion of the age and tenure structure for broad fields and, consequently, for 
new hiring and young faculty ratios. Parameters could very well change in 
the 1980's in ways we have not anticipated*—'^ Demographic evolution could 



— A certain amount of '^economic*' adjustment is buitt into the model 
through tl^e assumption that attrition rates will double in the 1980*s and 
then return to earlier levels, that promotion rates will decline in the ^80*s, 
Q and that there will be a moderate adjustment to the change In mandatory 




ret i rement 1 eg i s tat ion. 



conceivably have no effect on the production of knov^ledge. Older might 

well be wiser. We It^ve the answers to these questions to other res ^.archers. 

111. Initial Conditions: The Demographic Shape of the Fi^^lds 

A. Data 

Faculty data from two sources are used in these projections. The total 
size of a field in 1975 is the number of teaching faculty in four-year 
colleges and universities as found in the National Science Foundation Survey 
of Hanpower Resources for Scientific Activities at Universities and Colleges 
(1975)- This number includes both doctoral and non-doctoral faculty. We 
do not, however^ have detailed demograpnic data about this population. For 
these data we rely on special tabulations for doctoral faculty provided 
for us from the Survey of Doctoral Scientists and Engineers of the Com* 
.TiissJon on Human Resources of the National Academy of Sciences (National 
Research Council, 1976), We have assumed that the demographic parameters 
derived for ^octorai faculty are applicable to £lj_ teaching faculty. 

Our projections of student enrollment by field are derived by applying 

the projections of earned degrees by field of the National Center for Edu* 

cation Statistics for the years up to 1986-87 (nCES, 1978) to our aggregate 

2/ 

student enrollment series— by assuming that a field's share of enrollments 
varies as its share of earned degrees. Thereafter we assume that the shares 
of the individual fields remain at their 1986-87 values. 

B, The Fields in 1975 

A summary of the initial field-specified demugraphy Is presented in 
Table 7^1^ A more detailed breakdown for each field Is presented In the 
Appenaix. 

There are clear differences among fields. Faculty in mathematics are 
significantly younger than faculty in other fields in both the tenured and 
non-tenured ranks, A little more than one-quarter of physical scientists 
are "young*" in terms of academic age, as contrasted with kO percent or more 
In both the mathematical and social sciences. Hathenatical sconces, ^owe^'er, 
have a relatively high tenure ratio, while the tenure ratio for the social 
sciences Is the lowest for any field. 
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For the derivation of the aggregate student enrollment series, see 
Fernandez, (1978) , 
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Initial tenure rates and attrition rates also differ from field to 
field. Table 7*2 presents the tenure and attrition rates In 1976 for non** 

3/ 

tenured faculty nerbers of academic age three and seven*— In examining 
Table 7*2^ it is Important to remember that these rates are conditional on 

an individual's still being a non'tenured faculty member at the academic 
age in question. Thus, the higher the attrition rate at early ages, the 
fewer faculty there are available at later ages who can become tenured. 
We might, therefore, expect to see a direct relationship between early 
attrition rates and later tenure rates. What we observe, in fact, is that 
physical science has low tenure rates and relatively high early attrition 
rates, while mathematics and social science have low-^to-^average early 
attrition rates and high tenure rates at age seven* Since these rates were 
observed during a period of growing errollments, one might guess that these 
latter fields might be most seriously affected during the I980^s when en^ 
rollment grow' ^ becomes negative. 

It is the interaction of these rates (which vary ^^rom field to field) 
plus age-specific death and retirement rates (which are assumed the same for 
all fields) plus the initial joint distribution of biological age, academic 
age» and tenure, that compose our* initial condition^. Projected enroll** 
ment demand and the assum['tion of a given faculty/student ratio then 
determine the course of this population over time as faculty are hired to 
maintain the faculty/student ratio. The effect of these initial conditions 
and the resulting change in the demographic description of the population 
over time are presented in the following section. 

IV> Results 

A. New H i r i ng 

The demand for new hires is generated, in part, by the change in faculty 
denand. This faculty demand relative to its 1975 1-vel is presented in 
Figure 7J for the five separate fields. Engineering* which In the ysars 
prior to 1975 had suffered a decline, 5hows the greatest gro>/th In demand 
in 1980, Physical and social sciences show the least growth in relative 



~ Tables wi th a 1 1 i nput parameters for all yei ''s of the mo<*e 1 are 
available on request from the author. 
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TABLE 7.1 



SUMMARY OF AGE AND TENURE CHARACTERI $T I CS 
OF DOCTORAL FACULTY BY FIELD, 1975 



Character i st tc 

Median Biological age' 
Tenured faculty 
Non-tentirec* faculty 

Percent uf scatJe.rr.ic 
iJSe less than eight 

Percent Tenured 



Mathematical 
Sciences 



3k,(} 
67.5 V. 



Physical 
Sc iences 



FIELD 



Engineering 



Life 
Sciences 



35,9 
25,**?: 



li5,5 
36,8 

27^- 
72,5^ 



i(7-6 
36, i( 

32,8^ 
66 , 5'^ 



Social 
Sc iences 



36,0 



T ABLE 7-2 

EXAMPLES OF AGE-SPECIFIC TENURE AND ATTRITICh 
FAT£S FOR DOCTORAL FACL^TY BY FIELD, 1976 



Tenure ratfc *• 

Acadetric age Lhree 

Acadt'mic age seven 

Non-tenured fittrition 
r<aLc at. 

^'-adf-tuit d9fc three 

^''■cader'ic sge seven 



Mathematical 
Sc Iences 



.038 



.039 

,052 



Phys teal 
Sciences 



,n2ii 
,178 



. 10? 
.0^9 



frcr causes other t'-an death or retirenicnt 



FIELD 



,0()5 
,173 



,035 
,078 



Life 



Engineering Sciences 



,032 
.003 



Sccia] 
Sciences 



.072 
,308 



,023 
,010 
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Je(^:and. BvL.veen l980 ond demand for fdculiy in .ill fielris declines 

and cifter pUteau in the late I980'5, demand declines at least to 1995 
for dW fields- it should be noted, however* that even n 1995 the size 
of the faculty in rnatherna t i ca I t life, and engineering sciences is above 
Us 1975 level by from 10 to 30 percent. This is, however, a decline 
from peaks that were almost 25 to i*5 percent higher than 1?75 levels. 
For the soda I and phys r cal sc fences , however » demand » s lower than i ts 
1975 level by 5 to 10 percent. The levels of demand and relative demands 
are shown in Tables 7.3 and 7-^* respectively. 

Althoucjh the shapes of demand for the several fields as shown in 
fiqure 7-1 ^re siiy;i1ar, new hiring, whcih depends on the change in demand 
iind tho chant^e in ' j existing faculty stock, is quite different across 
fields, as shown in figure 7-2 and Table 7-5' Peak new hiring occurred in 
ong i neer I rv,j in 1976, while that pf ak will not be reached until !930 for 
the m^thmaticdl, life, and 5>ocia) sciences. New hiring in the Physical 
^cienct^-* M'jill no\ reach its peak until I989j when other fields will pull 
oat of thL' nnd^'SOS ^lump. All fields will experience marked declines 
in the 1^j90^'^. These ^^.-clines will be rever5>ed in the later I990^s if the 
birth r.ito ijickj up as is predicted by the Census. It is* also at this 
ti'it^ thai U^e hirind bulge of the 1960S will begin to have worked its 
utiy t >u'Ou,ih t fit; tem to ret 1 renien t . 

Tokcrt f [ ori 1980, tfie Urgent relativo declines 11 the I980's will be 
t^xfH^r I t^fKt J / MIL' social t>cionces, followed by life sciences, and mathe^ 
'Mttt^ji ^^i^'nc^'-., The^^e relative declines are presented in Table 7.6. 

A> ha-^ been tj^erUionvd earlier, these patterns of new hiring result 
t rt)' r ihc i ciroc I i on of facj 1 1 y demography , f acul t y t rans i t ion rates , and 
c[)jn']e> in >tu^k^nt dt;»^and. Thi^ sources of new hirinq demand by field 
are exanineJ seporaiely in Figures 7-3Ato 7-3E.. All fields experience similar 
ch.in^ji;> it- in.* drsire<! stock due to Changes in student demand. The con- 
trin^itior of 'kjn^tu^jured attrJtfOfi varjVs cojis iderab I y across fields. This 
contribuUon r+->ults both froni tht* attritton rate and from the 5>ize of 
Mu' non-t t^t^urod iV>pulation to which it is opr^Iicd* Hiqh non^tenured at- 
Criti<jF> r>tt.s in hhysiCtrl sciences, for exHimpU^, are the explanation for 
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JI\?U 7.3 





DEMANO FOR STOCKS 


BY FIELD 


RELATIVE TO 1975 


OEHAND 






Mathematical 


Phys ica I 


Engineering 


Life 


Soci a1 


Year 


Sc iences 


Sc i ences 




Sciences 


Sciences 


1975 


KOOOO 


KOOOO 


I .0000 


LOOOO 


I .0000 


1976 


1.0281 


L0009 


1 .18146 


1 .0'<19 


I .0050 


1977 


1.0565 


I .0127 


I .2788 


1.0866 


) .01146 


1978 


1 .0910 


I .0281 


I . 3667 


1 .1290 


I .021<1 


1979 


i . 1311 


1 .0'<68 


I . 3909 


t .I76'< 


I .0385 


1980 




1 .063'< 


].ti\20 


I .2203 


1 .0503 


I98t 


1.1905 


1 .071ii 


\.ti2\6 


1.2536 


I .0539 


1982 


i.2275 


1.0765 


I .i<282 


1.2820 


I .05'<6 


1983 


1.2386 


i.0708 


Ki<l95 


i.2967 


i.O'<57 


mii 


1 .2'<87 


1 .060'< 




1 .30'<6 


1 .0319 


1985 


1 . 2iti)6 


I .0'<07 


1.3778 


1.2993 


I .0097 


1986 


1 .2233 


I .0229 


I.35'<2 


1.2771 


.9925 


1987 


1 .2155 


I .0l6ii 


I.3'<56 


t . 26*)0 


.9862 


1988 


1 .2l8'< 


1 ,0188 


t.3'<88 


1 .2720 


.9885 


1989 


t .229'i 


I .0280 


1 . 36 1 0 


l.283'< 


.997'< 


1990 


1 .2132 


1 .Ol'<5 


1.3'<3I 


I . 2666 


.98'<3 


1991 


\.ms 


.9908 


1 .31 18 


I .2370 


.3(>\ii 


1992 


K16I1 


.9709 


1 .285'< 


1.2122 


.3U20 


1993 


1 . l'48l 


.9600 


1 .17 10 


1 .1986 


.9315 


i99't 


! 


.9569 


I .2668 


t.i9'<7 


.928'< 


1995 


1 .13?2 


.9509 


1.2589 


I .1872 


.9227 


1996 


). \ti^B 


.95621 


1 . 2662 


!. I9'<I 


.9280 


1997 


1 . Ibi; 


.97)1 


1 .2857 


1 .2125 


.9ii22 


1998 


i. 1991 


1 .0027 


1.3275 


1. 2519 


.9729 


1999 


1 .2388 


1 .0358 


I.371'< 


1 .2933 


t .0050 


2000 


1 .2801 


t .u70ii 


\.ti\7] 


t . 336'< 


1.0386 
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TA6LE 7.^ 
TOTAL FACULTY DEMAND BY FIELDS 



hemat ical 
ences 


Physical 
Sc i ences 


Eng i neer 1 ng 


Life 

Sciences 


Social 
Sc iences 


18,790 


2^,652 


17,630 


68,251 


6*4,^71 


t9,317 


24,67't 


20,885 


7M 12 


6*4,795 


19,352 


2*4,964 


22,5-'»5 


7^,161 


65. '41^ 


20,^33 


25. 


2it.095 


77,052 


66,022 


21 ,252 


25,807 


2'*, 522 


80,29; 


66,95^ 


21 .95^ 


26,21^ 


2'*, 893 


83,285 


67,712 


22,539 


26,^13 


25,063 


85,562 


67, 9**^ 


23.065i 


26,537 


25,180 


87,^99 


67,993 


23.273 


26,398 


25,025 


88,^98 


67, ^i6 


23.462 


26,|itt 


2^,766 


89,0itl 


66,527 


23. ''85 


25.65't 


2'*,290 


88,677 


65.098 


22.J85 


25,2 16 


23.875 


87,I6t 


63.985 


22.8J)0 


25.056 


23.72it 


86,610 


63.581 


22 .89it 


25,1 15 


23,779 


86,813 


63.730 


23. 100 


25.3^1 


23,99*4 


87,596 


6*4.305 


22. /9 7 


25.009 


23,679 


86, ^m5 


63.^60 


?2.26'j 




23,126 


8*4,^30 


61 .980 


21 .8(7 


23, 93** 


22,66t 


82,731 


60,733 


2! ,5/3 


23,666 


22,itC8 


81 .806 


60.05^ 


21 ,1,0? 


23.588 


22,33^ 


81 ,536 


59.850 


2! .368 


23. I* '42 


22,195 


8) ,030 


59.^8*4 


2t ,'.92 


23/^77 


22 ,32*1 


81 .^99 


59.828 


21 ,8Z2 


23,9^0 


22,667 


82,751 


60,7*48 


22.532 


2it,7!8 


2 3,'*03 


85,^1^1 


62,722 


23.277 


25.535 


2it,177 


88,266 


6*4,796 


2'*,053 


26,387 


2it.98'4 


9t ,211 


66,958 
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TA81E 7.5 
NEW HIRES BY FIELD 



Mathe<Tiat i ca 1 Phys i ca 1 Eng [ nee ring L i f e Soc iai 















1975 


0 


0 


0 


0 


0 


:976 


938 


832 


3.61*5 


lt,2'47 


1 ,822 


1977 


9 78 


1,253 


2,190 


^623 


2,271 


I97S 


i,153 


1 ,^52 


2,192 


i*,755 


2.1*59 


I97S 


1.285 


i ,680 


1,229 


5,21*6 


2,922 


1980 


1,300 


1 ,838 


1,292 


5,330 


2,961* 


I^til 


1 ,251 


1 ,885 


1,209 


i*,995 


2,1*01 


1982 


1,289 


2,095 


1,1 16 


'<,903 


2,116 


1983 


1.059 


2,096 


893 


i*,3'*8 


1,690 


198J4 


1 , 160 


2,188 


77lt 


i*,056 


1,1*95 


1985 


96^ 


2 ,176 


61*3 


3 = 217 


1 ,121* 


1986 


5/8 


2,165 


663 


2,136 


1,522 


1987 


71/ 


2,3^9 


81»9 


2,61*5 


2,202 


1988 


952 


2,5^2 


1,013 


3,1*77 


2,620 


1989 


1 .017 


2,617 


1 ,170 


3,816 


2,991* 


1990 


'i56 


2,078 


680 


1 ,801* 


1,598 


1991 


12^ 


1 ,5'*2 


351 


888 


938 


199? 


I5C 


1 


m 


866 


1,0i4l* 


1393 


390 


\Ml 


572 


1,577 


1 ,591 


1394 




1 


672 


2,319 


2,1 1*0 


19<^5 


't30 


\ ,222 


618 


1,916 


1.907 


1996 




i .516 


856 


2,908 


2.631* 


19 


966 


' ,739 


\,\\k 


3.937 


3,330 


1998 


1 ,3B9 


2 .310 


1 ,600 


5,1*83 


It, 303 


1999 


1 .502 


2,^33 


1,670 


,!i,7l5 


1*,563 


2000 


1 ,6W 


2 .597 


i,7'*'i 


5,965 


1*,779 
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TABLE 7^6 

NEW HIRING RELATIVE TO 1976 



Mathematical Physical Engineering Life Social 



Year 


Sciences 


Sciences 




Sciences 


Sc fences 


1976 


1 .00 


1 .00 


1 ,00 


1 ,00 


) .00 


19/7 




K51 


,60 


1 ,09 


1 *25 


1978 


1,23 


1 .75 


+ 60 


K 12 


I *35 


1979 


K37 


2.02 


*3'# 


1 , 24 


1 ,60 


1980 


1*39 


2.21 


*35 


1 ,26 


1 ,63 


I98I 


K33 


2.26 


*33 


K 10 


K32 


1982 


I>37 


2,52 






1 + 16 


1983 


M3 


2*52 




1 *02 


'93 


193't 


I 


2,63 


*21 


,96 


+o2 


1985 


1 ,03 


2^61 


* iO 


*76 


^62 


1986 


,62 


2^60 


+ 18 






1987 


*76 


2.82 


*23 


.62 


1.21 


1988 


I *0I 


3*06 


.28 


*82 


1 tltH 


1989 


1,08 


3 J5 


,32 


.90 


1 .6^ 


1990 


.'t9 


2*50 


, 19 


+ 42 


00 

.80 


I991 


.13 


1 .85 


.10 


.21 


,51 


1992 


J6 


K7't 


.13 


.20 


.57 


1993 


,tt2 


K79 


,16 


.37 


.87 


199^ 


.58 


1,76 


.18 


.55 


1,17 


1995 




I.V 


.17 


,^5 


1,05 


1996 


.75 


1.82 


.23 


.68 




1997 


K03 


2,09 


.31 


.93 


1,83 


1998 


\A6 


2.78 


M 


1.29 


2,36 


*I999 


K60 


2.92 


M 


1.35 


2,50 


2000 


K77 


3,12 


M 


l.itO 


2.62 



^ \^ 



"179- 
FIGURE 7>3A 




'^r.fW \ I I i I I I I I I 



(I ■ I M 111 J ^ r H' > K 

» 1 1 nun !■ I Ann r / (^n i i 



ERLC 



19o 



-180- 
FIGUftE 7.36 
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the relatively favorable new hiring projection for this field during the 
1980*5* Such a "favorable^* experience, however, could also be called a 
''revolving door For all fields during the lS30*s^ the revolving door 
IS the principal source of new hiring. In the late 1980*s and 1990's» 
death and retirement play an increasingly important part as the faculty 
apes, 

B, Young Facul tv 

The ratio of young to total faculty is shown in Figure 7.4 and 
Table 7.7 for the separate fields. Engineering^ which grew most rapidly 
in the late 1970*s. maintains a young faculty share of close to 40 percent 
until 1982 when the cumulative effect of new hiring cutbacks becomes 
evident. The other fields show declining young faculty ratios untM I98O, 
These ratios then rise in the physical and life sciences^ but continue to 
decline in the mathematical and social sciences. The ratio declines in 
the life sciences, as well, after 1982. By the early 1990's, with the 
exception of the physical sciences, young faculty ratios have declined by 
almost 20 percentage points or more in all fields. 

The high non-tenured attrition rate for the physical sciences and the 
relatively low tenure rates result in very few physical scientists be- 
coming tenured. The result is a ris ing /oung faculty ratio and a declining 

tenure ratio as retiring tenured faculty are not replaced by faculty who 

4/ 

have been promoted to tenure,— 

C, The Physical Sciences 

The physical sciences show a projected pattern of new hiring so dif- 
ferent from the other fields that the sources of these surprising results 
should be further explored. As mentioned above ^ the sources of this di- 
vergent experience are high non-tenured attrition rates and low rates of 
promotion to tenure, which mean that young faculty are exposed to the hioh 
attrition rates for a ,-elatively longer t'me. The attrition rates are a 
characteristic of the CHR data. The age-specific promotion rates are 
estimated directly from the data, it is possible, however, that our 



— ^tt is also possible that tenure rates may increase \n response to this 



s \ luat ion . 
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assumption that these observed high non"tenured dttritfon rates will 
double in the 1580's will prove inaccurate. This feature of our model 
is b^sed on the expectation ih^t new faculty in the l380^s» disappointed 
by relatively poor market conditions^ will be more likely to withdraw* 
But it is possible that the academic market has been weak for physical 
scientists throughout the 1970*5, and hence that new cohorts of physical 
science Ph<D< *s would be less likely to be further disappointed than 
earlier cohorts. The difference in the time profile of non"tenured 
attrition for the physical sciences relative to other fields would have 
to be substantial, however, since non"tenured attrition rates in the 
physical sciences are now almost double those in other fields. 



To a large extent » the r^esults presented in Section IV speak for 
themselves. Declines in new hiring that could easily be called precipi" 
tous are likely to occur in all fields except physical sciences in the 
1980's and this decline, after a brief Plateau, will continue at least 
until the mld"1990S- The effect of these declines in new hiring will be 
a declining young faculty ratfo and an aging tenured faculty. 

Roy Radner and 1 have explored elsewhere the effect for the mathemat" 
teal sciences of assuming that adjustment of hiring to changing student 
demand be spread over a three»year period (rather than annually, as in the 
present model) (Kuh and Radner, 1980), We have also looked at the pro" 
jectod experience of research ur /ersities under the assumption that 
priv^jte universities wilt be in the steady state over the period. The 
effect of these clianges in ^ssu-TiPt ions is to flatten slightly the peaks and 
troughs, but they do not disappear, 

The projected experience of physical science is worth special consider" 
aUon since it illustrates that the "young investigator" problem is, in 
fact, mul t i faceted. Those fields in which your^g faculty find reasonable 
prospects of a career that leads to tenure are also those fields that ex* 
perience the iiK>st severe decline in their share of young investigators. The 
physical sciences* on the other hand, achfeve reasonable young investigator 
ratios through much higher rates of turnover. The question that is important 
for policy is whether either of these projected patterns of adjustment ib 
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conducive to productive research by young investigators, and what kinds of 
policies can deal with both facets of the problem. It would seem likely 
that a policy that would both open up tenure slots in the physical sciences 
and increase the nuoiber of non^tenure positions in other fields would be 
appropriate. It may also be useful to find out whether the high level of 
turnover In the physical sciences is due to an active non-academic 
market that can absorb young faculty who do not get tenure. It may be 
important to broaden such pathways of mobility in other fields as academic 
markets become tighter. 

Although we have not addressed the point in a paper directed 

toward the "young investigator problem/* it is clear that the obverse of 

the projections for young faculty is the aging of tenured faculty. Very 

little research has been done on the processes that relate age and pro- 

5/ 

duct I VI ty and thetr outcome.— These processes rray differ significantly 
by tield, perhaps reflecting differing "obsolescence rates" of knowledge 

as compared to the acquisition of highly specialized human capital by 

faculty me^ibers. Further research in this area could help answer the 

question of whether the projected decline in young faculty is trtly a 
^*problem^' or simply a demographic fact. 

Finally, it seems evident that the I980's will bring a marked decline 
in the proportion of young faculty in almost every field. Nor is it clear 
that the revolving door that is apparent in the physical sciences is an 
optimal solution.. I have di^cus^ed policy elsewhere (Radnor and Kuh^ )978) 
and it is discussed in the companion volume to this collection of papers. 
It is hoped that the discussion can now proceed from consideration of 
whether there is a problem to consideration and analysis of a variety of 
pol icy responses . 



--Some ret^earch, which uses citation analysis, has been reported in 
S. Cole, "Age and Scientific Performance/* American Journal of Sociology, 
January^ 1979. This report finds little relation between age and produc- 
tivity. The period studied, however, was a period of tremendous increase 
in the number of faculty. Whether these findings would hold in a period 
of decline is an open gue:>tion. 
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DEI7JI£D PRCXJBCTICK RESULTS BY FHIC* 

Mathematical Sciences 
Ftsysical Sciences 
Engineering 
Life Sciences 
Scxrial Sciences 



Results are reported here fcr every fifth projected year. 
A full set of results is available fron the author on request. 
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ACE AND SCIEHTIFIC FRCDUCTIV ITY: 
A CRITICAL REVIEW 

Barbard F. Rcskin 
I ndi ana Uni vers i ty 

For the past half century social scientists have periodically 
considered the effects of scientists' age on their performance. Studies 
have focused on specific disciplines or subgroups^ such as enuneni sci^ 
entists or those employed in various organizational settings* and have 
examined several different measures of performance. Extensive* albeit 
methodologically inadequate* study has failed to turn up any convincing 
evidence of a strong, simple relationship between age and the productivity 
of ind iv idual sci ent i sts . Thi s rel at ionsh ip still awai ts theoret ica 1 1 y 
informed and methodologically rigorous investigation* 

Most empirical work on age and performance has been prompted by two 
concerns: general interest in the impact of aging on various kinds of 
behavior and specific policy issues reUited to enhancing scientific output 
(Taylor and Barron^ 1963; Pelz and Andrews* 1966). In spite of sociological* 
psychological. ;)nd economic theories of science or creativity that imply 
hypotheses about the relationship betwe<?n >ge and productivity* little of 
the empirical work is theoretically informed (Pelz and Andrews' work is an 
exception). In the first section of this review^ I summarize the theoretica? 
bases for a relationship between ^ge and scientific productivity and present 
some models for the form of the relationship. In the second section, the 
rather limited evidence In the literature for such a relationship is eval- 
uated. I then discusi methodolo(;;caI problems that beset research on this 
topic. FlnaMy^ 1 ha2ard some tentative conclusions about the relationship 
In quest ion . 
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I . Theoretical Analysis 



A ssumptions about the Impact of Aging on Performance 

In vtew of the atheoretical nature of most inquiries into the 
age-productivity relationship, the lack of consensus even on issues as 
fundamental as the direction or form of the relationship is not sur- 
prising. Conflicting assumptions that aging impairs performance and that 
performance improves with experience--and hence with age--both enjoy wide 
support. Laypersons and practicing scientists alike often assume that 
aging inherently impairs many kinds of human performance, either because 
it causes psychological or mental decline or because it leads to person- 
ality changes thet interfere with certain kinds of performance.^^ (For 
example, some believe that old people become "set in their ways*' and resist 
new ideas.) Although the corollary that youth is characterized by greater 
mental vigor does not necessarily follow, it is probably even more widely 
accepted. This belief that aging adversely aftects performance constitutes 
the major basis for the assumption of a negative relationship between 
scientists^ age and their productivity. 

The premise that performance improves with experience implies the 
opposite effect of age. Since age is highly correlated with professional 
experience, scientists' performance should improve over time. That sci" 
entists regard breakthroughs by young researchers as remarkable implies 
that they accept the assumption of a positive impact of experience. 

But experience can also be a handicap to scientific innovation. Naive 
young scientists may pursue ideas that more experienced scientists would 
reject out of hand. As Nobel Laureate Chen Ntng Yang observed, "As you 
get older, you get less daring. You have seen so much--therefore, for 
every new thought you have, you immediately marshal a large number of 
counter-arguments." (pelz and Andrews, I966, p. 197). This view is manifest 



— Gerontologi sts have assessed these assumptions, but a review of the 
extensive gerontological literature on the effects of age on performance 
is beyond the scope of this paper, which argues that scientific productivity 
is determined largely by the social context of research. 
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in Kuhn's (l962) theory o^^ scientific revolutions, which holds that 
scientists who create revolutionary new paradigms are often outsiders-- 
either young or new to their fieId--who are not hampered by viewing 
phenomena in the established way* Older scientists may also be constrained 
by their vested stake in traditional views (Barber* 1961* p* 602; Hagstronit^ 
1965» p, 28*») • Hence, Kuhn follows Planck (in Zuckerman and Merton, 1972) 
in contending that scientific crises are resolved not by converting the 
adherents of the older paradigm to the new one* but through their ultimate 
replacement by the new generation. 

If the beliefs about the neo^tfve impact of aging and the positive one 
of experience both have merit* the effects could cancel each other out or 
they could operate separately at opposite ends of the professional life 
cycle* generating a curvilinear relationship between age and performance* 
In reality, it is sociologically naive to expect either pattern. Any effect 
of age is necessarily confounded with a variety of other factors that affect 
scientific productivity* A fruitful theory of the impact of age on sci- 
entists' performance must incorporate sociological and psychological theories 
of scientific product i v i ty ^ 

Implications of Psychological Theories for the Age-Productivity Relationsh'p 

Psychological approaches to scientific productivity (or, rnore broadly* 
to creativity) emphasize intellectual ability* motivation* and other person- 
ality traits. Although intelligence probably does not vary by age (Pelz 
and Andrews* 1966* p, 175; Blackburn* 1972* p, 22),- a case might be made 
that level of motivation Jecltnes as scientists age. The need to work 
hard to achieve job security or tenure or to prove oneself--sometimes 
occasioned by the belief that scientists who have not made it by the time 
they are 35 or ^0 will never do so--dimI nl shes over time. Older scientists* 
willingness to put in long hours and to defer personal gratification may 
decline either because they have achieved their goals or forsaken them 
(Pelz and Andrews* 1966), Although Pelz and^ Andrews observed that moti- 
vation affected scientists' productivity* they also found that aging did 
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— In addition* measured ability does not distinguish more and less 
productive scientists (Taylor and Barron* 1963; Bayer and Folger* 1966* 
pp, 381-90; J, Cole* 197**. P- ko) . 
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not ineviti.*bly lead to reduced motivation, \froom {196*»» p. 20*») reported 
that workers* nnotivation enhanced their output* unless it was acconipanied 
by a high level of anxiety. Younger scientists* anxiety about tenure or 
professional security might depress the beneficial 'effect of their 
greater motivation, whereas older scientists* less in need of proving 
themselves* should be less hampered by anxiety. 

Another personality trait some believe necessary for scientific inno* 
vation is the willingness to take risks or stands cn controversial issues 
(Stackburn, 1972* p. 16). Older scientists* having established their 
reputations and obtained job security* niay be more wilting to take such 
risks or simply be more self-confident (Pelz and Andrews* 1966* p. 2I0). 

Cole and Cole (1973) pointed to the importance of sheer stamina* 
which might reasonably be expected to decline as scientists grow older. 
The amount of time college and university faculty spent at research dropped 
with increasing years of experience (Tuckman* !976) * although this does 
not necessarily Imply reduced stamina. In any case* tht^ relationship 
between scientific productivity and number of hours scientists work is 
weak (Fulton and Trow* I97*»* p. 62; Hargens, 1978).-^ 

Implications of Sociological Theories for the Age-Productivity Relationship 

The Importance of professional socialization to r^iSeo^ch norms and 
techniques Is generally accepted (Crane* 1965; Zuckerman* 1977) * but it 
Is probably important only for recently trained scientists (Reskin* 1979). 
Young scientists tend to be better informed C'; the current slate of their 
field (Zuckerrnan and Merton* 1972* p. 306) . ^his should help them identify 
and move into emerging problem areas and generally enhance their chance 
of making major contributions. Furthermore* because most new doctorates 
come from the top graduate Institutions* they are more likely to have 
been exposed to the most up-to-date techniques in their fields. 



- Sociologists ventured into the domain of psychology in proposing the 
importance of a ''propensity to publish*' (Hargens* Reskin and Allison* 1976) 
or a "sacred spark"--an inner drive that compels some scientists to do 
research regardless of whether they receive external rewards (Cole and 
Cole* 1973* p. ll**)t but there is no theoretical reason to expect either 
to vary by age. 
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But socialization is not sufficient toinaintain productivity (Hagstofn, 
1965). Sociological studies have assembled considerable evidence that 
scientists' performance at any point in their careers is primarily a 
function of the availability of resources, the extent of alternative role 
demands, expectations about their performance, and the existence of both 
mater iai and prof ess tonal rewards (Hagstrom, > p> 28 ; Reski n , 1977) . 
This combination of expectations, resources, and rewards that sociologists 
term the ''reward structure" frequently depends on the organizational 
setting in which scientists are located. Cole and Cole (1973, PP» 119-122) 
posited a feedback relationship between productivity, recognition, and re* 
sources wherein collegia! recognition of published work demonstrates a 
scientist's merit to those who distribute professional resources (appoint- 
ments, grants, assistance). These resources both reinforce past performance 
and facilitate future productivity. This process of "accumulative advantage^' 
should generate an improved fit between resources, productivity, and 
recognition as scientists age (Allison and Stewart, 197^). Allison and 
Stewart (l97*») and Long (1978) support a qualified version of the accumulative- 
advantage hypothesis^ Its relevance for the age-pv'oduct i vi ty relationship 
is clear: among productive scientists^ productivity should increase over 
time: for unproductive scientists or those whose contributions do not 
elicit recognition and rewards, increased age should be associated with 
declining productivity. Although physiological effects of aging are not 
ruled out, they should be small relative to those of the scientific reward 
St ructure . 

Economists invoke the diminishing economic returns to publications as 
scient i sts age as one bas i s for expect i ng product i v i ty to decl i ne for older 
scientists (Tuckm^n^ 1976). However, the supposition that researchers 
are motivated primarily by economic considerations rather than professional 
rewards (such as formal or informal collegial recognition) is debatable. 
Scientists primarily oriented toward monetary rewards probably choosp more 
lucracive jobs in private enterprise over positions in academic and non* 
profit research organizations. 

Scientists' social position also affects the likelihood that they w!*! 
change their research emphasis or point of view in response to inno- 
vations (Hagstrom, 196$, p. 28^). Younger scientists lack extensive 
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persondl ties that constrain them from accepting a new point of view^ so 
they are better able to exploit scientific breakthroughs* 

Competing demands on scientists* time should play a large role in 
their productivity* The midcareer productivity slump observed in some 
studies (e*g*, Pelz and Andrews^ 1966) has been attributed to the 
administrative responsibilities established scientists are often persuaded 
to assume* Nobel Laureates* typical productivity decline is probably 
due to the numerous professional requests they receive after the prize is 
conferred (Zuckerman^ 1977)* The competing demands on researchers' time 
varies with their age and is probably greatest for scientists in their 
forties and fifties. Although this leaves many potentially productive 
years for scientists to resume their research after completing their ad- 
ministrative obligations^ their ability to do so will depend on the speed 
with which their specialty ^as advanced and changed, 

Extraprofessional roles also take scientists' time from their research. 
Although demands to devote time and energy to one's family are greatest 
for young scientists, the need to achieve job security partly insulates them 
from these demands* As scientists achieve professional security^ their 
conwnitment to familial and other nonscientif ic roles may increase. 
Certainly normative support for assigning their work the highest priority 
dlmin rshes. 

The Effect of Scientific Specialty on the Age-Product ivity Relationship 

Sociologists of science have identified several aspects of scientific 
specialties that appear to affect scientists' productivity. These include 
their rates of growth and technological obsolescence, the way in which 
research work is typically organized^ and their degree of codification, 
A theoretical case can be made that these factors affect the form of any 
relationship between age and productivity. 

Young scientists often enter emerging problem areas in which a con- 
siderable amount of work can be produced fairly quickly* However, as 
progressively more of the questions in an area are solved, the probability 
of naking an important contrib'jtion declines. Researchers must then choose 
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between remaining in the area or switching to another with more unsolved 
problems. Younger scientists may be more likely to respond to stagnation 
in their research "areas — or to opportunities in emerging problem areas — 
by changing fields (Gieryn» 1979a). They have less invested in their 
specialty or research area» their broader training facil itates migrating 
to a new problem area* and they have a longer work life ahead during 
which the move can pay off. Older* more specialized researchers* on the 
the other hand* may be deterred from changing fields by thetr reluctance 
to compete with either the younger* more recently trained scientists* 
or the established researchers in the area. The same reasoning would 
predict differential responses by older and younger scientists to 
technological obsolescence in their field. 

Fields differ in their rates of growth and technological obsolescence4 
If the above argument that younger scientists are more likely to migrate 
out of stagnating fields is sound, then the advantage of youth on perform 
mance should be greatest in rapidly growing specialties and smallest in 
those experiencing minimum change. 

Specialty differences in the organization of research work nnay also 
affect any age-productivity relationship. First* any net effect of age 
on an individual scientist's performance might be partially masked in 
fields characterized by collaborative research among scientists at dif* 
ferent stage'k of their careers. Second, the effect of the increasing 
numbers of pre- and postdoctoral students that successful researchers may 
attract as they ago wilt depend on whether most research is sole or col* 
labordtive. In fields ?n which research primarily an individual 
act i vi ty * having several students usual ly will not fact 1 i tate and may 
even hamper scientists* performance; whereas in fields in which 
research is a group enterprise, research volume will be enhanced by 
additional workers, in fact* scientists with one or more postdoctoral 
fellows to run their labs should be able to take on administrative tasks 
without a decHne In their output. 

Finally* specialty differences tn degree of codif ication--that is* 
the degree of consensus among practitioners on important questions and 
appropriate research strategies — may affect the age-productivity 
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relationship (Zuckerman and Herton* 1972)* In more codified fields^ young 
investigators can more readily Identify and attack important problems; 
hence* they are less hindered by their lack of experience* In less codified 
fields* on the other hand* lengthy experience may be beneficial* tf not 
ebsential* for producing important work* and age may provide an important 
advantage. Because field switching is more difficult in highly codified 
fields* in such fields younger scientists* greater inclination to migrate 
to new research areas would not have the hypothesized effect on productivity* 
Thus» any positive effect of age on productivity based on differential 
rates of field Switching should be greater in lees codified fields. 

Type of Scientific Performance 

The form of the age-productivity relationship will depend on the type 
of performance at issue* Indeed* a case could be made that the effects 
of age on sheer volume of productivity and on the quality of contributions 
would be in opposite directions (and plausible arguments might be made 
for either direction)* Moreover* the forms of both the quantity and 
quality relationships undoubtedly vary by field* In highly codified fields, 
if experience does not necessarily provide an increasingly broad view 
of the discipline^ age would be no special advantage in doing work that 
integrates several disparate research areas* In low^consensus fields* 
however^ scientists with extensive experience can contribute to their 
discipline through such integrative work* 

Impact of the Age Structure on Aggregate Productivity 

Up to this point I have considered some theoretical reasons why age 
might affect the performance of individual scientists* However* even if 
no individual-level association exists* the age structure or a discipline 
or research specialty might affect its overall level of growth* For 
example* if recently trained scientists act as emissaries in bringing new 
techniques and problems to existing research groups^ their absence could 
depress the vitality or volume of that group's output (National Research 
Council , 1979) * 

If an individual-level association does exist and if young scientists 
are more responsive to developing problem areas (Gieryn* I979a)> ^ decline 
in the number of young scientists could impede the rate of scientifc progress* 
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Models of the Relationship Between Age and Productivity 

The above discussion implies that any properly specified model of the 
age^productivity relationship must take into account several additional 
variables. Nonetheless, it is instructive to consider the variety of forrrs 
the simple relationship between age and productivity might assume. In 
this section, ) present several formal models of that relationship (Ftgure 8J) 
Hany of the models were taken From Bayer and Dutton (1977) who present the 

mathematical form of six models gleaned from their review of the literature. 
(Their tests of the six models for several disciplines are reported 
the following section,) In the equations betow, Y represents some measure 
of scientific performance, X represents age, and Z denotes other predictors 
of performance. 

The simplest model is one In which age and productivity are unrelated 
either because age has no effect or because any negative effect of age 
is cancelled out by the positive effect of expertence4 Hence, productivity 
is wholly determined by other variables, 

Y = a + bZ (1) 

This and subsequent models are shown in Figure 8,1, 

Equations 2 and 3 both reflect the assumption that productivity 
declines with age. The first (equation 2)^ which shows a negative linear 
relationship^ lacks a convincing theoretical basis, 

Y = a - bX (2) 

The presupposition that age adversely affects productivity only after 
some advanced age cannot be capftred by a single equation^ but would be 
reflected by a combination of equation 1 (no relationship) and equation 2 
(a negative relationship when X is greater than some specified value, D) . 

Y = a + bZ, where X < D (?) 

Y = a - bX» where X i D 

The next three models reflect the assumption that experience enhances 

productivity. The first (equation ^) ♦ which Bayer and Dutton (1977) describe 

as a '^cumulative growth" function^ shows a positive linear relationship 
between age and productivity: 

Y = a + bX (k) 
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Equation 1 

No association with X 
Y = a + bZ 



Equation $ 

l)ecHninj» rate of incrcnrfc* 
Y = a + b lojiX 




Equation 2 

OecliniTig productivity 



a " bX 




Equation 6 

Obsolesconco 

Y = a + b^X - h^\' 




Equation 3 

Decline after critical age 

Y » a + bZ» when X < D 

Y - a - bX, when X ^ D 



Equation 7 
Siniri 

V = a + bjX 



b^X" + b^X 




Equation k 

Cumulative ijrowtb 
Y = a + bX 




Equat ion 8 
Spurt -obsolescence 
y = a + b^X - b^K^ + b^K* 



b,X 




MODELS OF THE AGE-PRODUCTIVITY ASSOCIATION (X=AGE) 



FIGURE 8.1 




-206- 



Notice that this model \s consistent with the dccumuldtive-ddvdntdge 
hypothesis; although the varidtion around the regression line would in- 
crease as X increases if productive scientists accumulate advantages as 
they age. 

Equation S depicts Bayer and Dutton's "declining rate of increase" 
function, which assumes that the rate at which performance improves with 
the experience or the accumulation of resources that often accompany 
increased professional age declines over time, Thus» it reflects the 
hypothesis that aging per se or psychological changes that accompany 
aging^ such as reduced motivation^ increasingly attenuate the positive effect 
of experience on scientists' performance,-^ 

Y = a + b log X (5) 

Equation 6, the "obsolescence" models assumes an absolute decline with 
age rather than the declining rate of increase assuned in equation S* In this 
model, performance improves with age during the first part of scientists' 
careers and then drops, either because of scientists' reduced vigor or 
because declining economic or professional returns to performance reduce the 
incentive to do research, 

Y = a + b^X - b^X^ (6) 

Equation 7, which Bayer and Dutton labelled the '*spurt" function, 
reflects the positive effects of experience and academic rewards, while 
assuming a midcareer drop resulting from increased administrative 
re*;pons ibi 1 i ti es or a post-tenure slump. The bimodat curve assumes a re- 
surgence of productivity and implies no deleterious effects of aging per se, 

Y = a + b)X - b2X + bjX^ (7) 



L/ 

— Many quite simitar functions are possible. For example, Bayer and 
Dutton (l977) present2d the "leveling off" function, an asymptotic function 
of the form Y= a + b(l/X), which implies that after some age additional 
years of experience will yield no further payoff in productivity. This is 
similar to equation 5) but the latter stipulates a declining rate of return 
to productivity with increasing experience rather than a complete leveling 
off. The theoretical literature provides no basis to expect the beneficial 
effect of experience to disappear completely after some particular age. 
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The final models shown rn equation 8^ Includes both a midcareer spurt 
and a decline at the career's end. This "spurt-obsolescence** model in- 
corporates theoretical assumptions of both the negative effects of aging 
and the posttve effects of experience and the academic reward system^ while 
also providing for a midcareer slump associated with specific career 
events described above. 



The bimodat distributions in panels 7 and 8 of Figure 8,1 correspond to the 
saddle-shaped curve referred to in the review of the empirical studies 
that fol lows. 

The propriety of a particular model obviously depends in part on the 
specific performance measure under consideration, 

I ) , Evidence of the Relationship Between Age and Performance 

Early work by Lehman (1936* 1953) supported the commonly held 

belief that scientific performance declines as scientists age. However* 
Lehman's work has been criticized on methodological grounds (Dennis^ I956a» 
1956b, I958» 1966; Zuckerman and Merton, 1972; S, Cole, 1979)- Rather than 
comparing the proportions of scientists in each of his age groups who 
made important discoveries to see v^ether they diminish over time* Lehman 
computed the proportion of important discoveries made by scientists of 
different ages. Thus he implicitly — and erroneously — assumed an equal 
proportion of scientists in each age group. In fact^ it follows from the 
growth of science over the last two centuries that scientists are dispro- 
portionately young and that proportionately more discoveries will be made 
by young scientists, Lehman also failed to consider the effect of dif- 
ferential longevity on the distribution of achievements by scientists of 
different ages. Scientists who die young can only be credited with achieve-' 
ments of their youth; had they survived, some would have produced important 
work at later ages. If all scientists were equally long-lived^ Lehman 
would have observed a more equal distribution of achievements. 



Y = a + b,X - 



b^X^ + b^X^ - b^X** 



(8) 
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Subsequent empirical work was flawed in other ways. Below^ in 
reviewing studies of the relationship between age and product iv i ty » I 
point out methodological shortcomings that mar much of the literature in 
this area. After considering evidence for the association based on data 
aggregated over scientific fields* I examine field-specific studies. 

Pelz and Andrews (1966) observed a bimodal distribution for several 
measures of scientific performance (including "scientific contributions'^ 
and published and unpublished papers) for doctoral scientists employed 
in research snd development laboratories. The intervening slump occurred 
earlier for scientists in research (between ages US and US) than for 
those in development (ages 50 to 54). Because the researchers found 
that at least moderate administrative loads did not interfere with sample 
members' output, they concluded that reduced motivation was more likely 
than administrative responsibilities to account for the midcareer slump. 

Blackburn* Beyhmer and Hall (l978) examined the association among 
Ph.D. holders who were on college and university faculties. Among those 
in high-prestige inst itut ions» they observed the bimodal '^saddle-shaped** 
curve which Bayer and Dutton (|977) termed the spurt-obsolescence pattern 
(equation 8). Productivity peaked for scientists In their late 30*s and 
late AO^s^ with a slump In the intervening years. However* scientists 
at Tower prestige institutions did not show the bimodal pattern. 

In the only study of eminent scientists reviewed here^ Zuckerman (l977) 
presented age-specif Ic annual productivity rates for Nobel Laureates and 
a matched sample of non-Laureates. Both groups showed the bimodal pattern* 
although the peaks for the Laureates fell a half a decade later than those 
for members of the matched sample (and» of course, the Laureates outpublished 
members of the matched sample at every age). 

Discipline-Specific Studies 

I discussed above several theoretical reasons why fields might differ 
in the relationship between age and performance. Unfortunately, our ability 
to test these predictions about field differences is hampered by the 
scarcity of comparable studies using similar measures and equivalent samples 
across scientific disciplines. Only Bayer and Dutton (|977) and S. Cole (l979) 
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provide such analyses. Bayer and Outton's sample was composed of 
5»000 Ph.D. 'holding college and university faculty In seven disciplines. 
The authors tested six models of the age-productivity relationship for 
several measures of productivity (recent articles* lifetime articles* 
books, number of works cited In the 1978 Sc fence C i tat ion Index , pure 
research orientation, time spent in research, number of journal subscrip- 
tions and time spent consulting). Cole studied article and citation 
rates for about 2,500 scientists employed in Ph. 0. -granting departments 
in six fields. Unfortunately* neither study took Into account other 
determinants of productivity besides discipline. 

Physics ^ Bayer and Dutton (l977) report a weak spurt-obsolescence 
pattern for their physicists* recent publications (see Figure 8.2).^^ The 
publication rate of Cole's higher status physicists showed an obsoles- 
cence pattern* with article productivity peaking between the ^g^s of kO 
and and then declining gradually to about half of the maximum level- 
Compositional differences between the two samples might account for the 
discrepancy at the ends of these physicists* careers* The less productive 
physicists in Bayer and Outton's more heterogeneous sample might have been 
more likely to retire from faculty positions at earlier ages. If so* 
those older physicists remaining would show an apparent upswing toward 
the end of their careers. Although a nonlinear model provided better 
fit to Bayer and Outton's data than a linear one. It must be stressed that 
age accounted for less than two percent of the variance In productivity, 
and there is no reason to expect a stronger association in Cole's results. 

Allison and Stewart*s (197^) aggregate analysis of data for faculty 
at Ph. 0. -granting departments showed increasing Inequality in the dis- 
tribution of scientific productivity among older cohorts of physicists. 
This is consistent with the accumulative-advantage hypothesis that predicts 
increasing inequality in the distribution of resources and professional 
rewards as scientists age and implicitly attributes productivity declines 
among older scientists to reduced access to resources for research. 



— Space limitations preclude presenting results for any other 
productivity measures. Bayer and Dutton (1977) showed that the patterns 
for articles and citations typically differed* so these results cannot be 
generalized to other measures of scientific performance. 
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PLOTS OF BEST-FIT MODEL OF CAREER AGE WITH NUMSER OF 
PUBLISHED ARTICLES IN UST TWO YEARS, BY FIELD 

NA is number of articles publfshed in last two years. 
CA is career age 

RA is career age at which retirement is expected 
Source: Bayer and Dutton (tS77). 
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Astronomy * Gieryn's (1979b) study of 2*300 American astronomers who 
had at least one article showed the obsolescence pattern for number of 
publications with the peak occurring eleven to fifteen years after the 
Ph*D* year* In a more detailed analysis of two specialty areas in 
astronomy* Gieryn (19793) found that recent Ph*D,*s were more likely than 
older astronomers to move into these highly promising problem areas and 
that they tended to be slightly more productive than older workers,^^ 

The National Science Board (1977) used experts to identify signifi- 
cant advances during the past twenty years in astronomy* chemistry* math* 
ematics» and earth sciences* The study reported that a disproportionate 
nwfiber of the 21 astronomers whose work was judged to be 'Mnnovati ve^' 
were under 33 years old* This finding and those for the other four 
disciplines (described below) lend some support to the belief that especially 
creative work is done disproportionately by younger scientists* 

Mathematics * Stern's (1978) analysis of data for *»35 university math- 
ematicians and the mathematicians elected to the National Academy of 
Sciences revealed a spurt function among the university mathematicians, 
with peaks between the ages of 33 and 39 ^nd after age 60* and the nadir 
for those in their late ^O's* 

An exception to the cross-sectional studies reviewed here is S^ Cote's 
(1979) study of the productivity of all *»97 mathematicians who receiv/id 
their Ph*D**s in the late I9**0's* Although he concluded that thetr pro* 
ductivity did not decline significantly over the 25''year period* the data 
showed a slight spurt-obsotescence pattern* with peaks five to ten and 
fifteen to twenty years after the Ph*D* Cole found that the proportion 
who published at least one paper and received at least two citations over 
each five-year period was ciuite stable over the 25 years* but the propor*- 
tion who published nothing increased fron 38 percent to 61 percent* 

The National Science Board (1977) study of scientific innovations 
found that ten of eigl.teen significant advances in mathematics were by sci-^ 
entists under 35* a group that included about two^flfths of all mathematicians* 
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Because these studies failed to control other relevant variables, 
they provide very limited support for the common belief that age is 
especially important for creativity in mathematics* 

Consistent with their hypothesis that increasing inequality In the 
scientific reward structure generates inequality in productivity over time* 
Allison and Stewart (197**) found more variation in article productivity 
among thetr older cohorts of scientists* again suggesting the predominance 
of social structural factors over biological effects of age. 

Chemistry . Cote's (l979) data showed an obsolescence pattern in 
chemists' publication rates* with the highest rates for those in their 
forties* The National Science Board (1977) study found that young chemists 
were responsible for a disproportionate number of the 17 advancements 
judges labelled major innovations* In view of the limitations in both 
of these studies* no reason exists to expect consistent results* 

Allison and Stewart (1974) observed the same pattern of increasing 
inequality among their synthetic cohorts of chemists that they found for 
physicists and mathematicians. 

Biochemistry ^ The biochemists Bayer and Dutton (l977) studied were 
the only group whose publication pattern showed a simple obsolescence 
function consistent with both positive effects of experience and increasing 
access to resources necessary to conduct research early in the career and 
some deleterious effects associated with increased age* The peak occurred 
about midcareer* slightly later than for the other disciplines they studied 
(s66 Figure 842)4 Howev6r » as was tru6 for all S6V6n fields^ age was a poor 

predictor of publication rate, accounting for only two percent of the 
var i ance . 

Biology * 1 could not locate any individual-level analyses of the 
relationship between age and productivity among biologists. The pattern 
for biologists in Allison and Stewart's (197^) aggregate-tevel analysis 
differed from those for physics* chemistry* and mathematics* in that it 
showed only a very slight increase in article inequality as the synthetic 
cohorts "aged," The authors suggest that this may be due to lower consensus 
among biologists on important research questions and poorer communication 
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among practitioners which could inhibit an efficient allocation of rewards 
according to merit so that scientists best able to convert resources into 
future performance do not accumulate these rewards. 

Earth Sciences . The age-product ivi ty association among Bayer and 
Dutton's (l977) earth scientists was of the spurt-obsolescence form^ with 
the first peak slightly more pronounced than the second (see Figure 8.2). 
The data fit the curve better for earth scientists th^n most of the other 
disciplines they examined, but age still accounted for only seven percent 
of the variance in article output. 

Young researchers were slightly overrepresented anrong those who had 
rnade important innovations in the earth sciences in the National Science 
Board (l977) study: researchers under 35 constituted only one-fourth of 
the discipline but were credited with 37 percent of the important advance* 
ments. 

Geology ^ S, Cole*s (1979) results show an obsolescence curve for 
geologists' publications. They peaked between ages ^0 and and declined 
sharply for geologists over age $0^ 

Engineering and Chemical Engineering . Blackburn (1972) cites a 1969 
unpublished study by Cantrell which showed research publications of engineers 
in a single department dropped off after age 50» although other kinds of 
productivity increased, Bayer and Dutton's (l977) sample of chemical 
engineers in academic positions published the most about ten years after 
the Ph.D. and at the end of their careers (see Figure 8.2), Again» however^ 
age accounted for an inconsequential proportion of the variance. 

Psychology . The psychoiogists whom S. Cole (l979) studied showed the 
monotonic "obsolescence^^ pattern similar to his sample of geologists 
(although their peak productivity occurred slightly earlier^ between the 
ages of 35 and US)- On the other hand, the experimental psychologists in 
Bayer and Dutton's (l977) sample showed the bimodal , spurt^obsolescence 
pattern, with a fairlv strong slump twenty to twenty-five years after the 
Ph.D. > followed by a resurgence to almost their former peak level (see 
FiQure 8.2). The difference between the two samples in their specialty 
or institutional location no doubt explains the discrepant results. 
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Economics ♦ The results for Bayer and Dutton's (1977) economists were 
quite similar to those for their experimental psychologists > except that 
the first peak occurred slightly sooner and the length of time between the 
two peaks was correspondingly greater (see Figure 8.2)* However, In neither 
field did the data fit the curve very well. 

Sociology . The curve for Bayor and Dutton's (1977) sample of sociol*- 
ogists was the flattest, indicating little variation across age groups. 
Insofar as the data showed a pattern, it was of the spurt'-obsolescence 
form Isee Figure B/Z) ^ In contrast, S* Cole*s (1979) results showed an 
obsolescence function (which was true for almost alt the disciplines he 
considered) peaking between the ages of and ^9. In an earlier study, 
Axelson (1959) found a sinilar pattern, except that the point of inflection 
occurred slightly earl ier*-*-about fifteen years after the Ph.D. Here again 
the greater heterogeneity of Bayer and Dutton's sample of college and uni- 
versity faculty and the concomitant greater likelihood that unproductive 
individuals would leave academic pobittons prior to the typical retirement 
age of faculty in Ph .D.-g rant Ing departments may account for the discrepancy 
between the findings of these studies. 

Using a measure of association appropriate for linear relationships, 
Clemente and Sturgis (197^) found a very weak negative relationship 
between a sample of sociologists* age and article counts. The clear mis* 
specification of the form of the relationship renders this result of 
I ittle value. 

III. Methodological Problems in Existing Research 

Host of the empirical studies reviewed above are flawed by one or more 
methodological problems. The major one follows from the atheoretlcal ap- 
proach underlying most work in this area. Host studies are bivariate: 
they fait to control stat i st ical iy for factors that might affect the form 
of any relationship between scientists* age and their performance, such as 
the calibre of their training, their early research experience, their 
organizational location, their primary work activity, the availability of 
resources, and rewards for research. Pelz and Andrews' (l966) study is an 
exception* Hany early studies failed to take into account something as 
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basic as field of study. In view of Bayer and Dutton's (1977) findings* 
ignoring discipline vitiates the value of these studies. The generaUza* 
bilEty of even those studies that took discipline into account is 
questionable^ in view of the omission of other important variables. Such 
bivariate studies are particularly probtematic because of misleading 
policy implications. To take one example^ if oider scientists publish 
less because they are called upon to carry out administrative duties^ as 
the number of older scientists increases* a smaller proportion would be 
drawn away from research into administrative positions and the age* 
productivity association would drop. 

A second, equally serious problem characterizes most work on thi<; 
topic. With the exception of Sayer and Dutton (1977)* studies that assessed 
the strength of association between age an«i productivity used measures of 
association that assume a linear association. The literature from Lehman 
(1936) to Bayer and Dutton (1977) belies this assumption of linearity. 

A third major flaw is the failure of most studies to report the 
magnitude of any association between age and productivity or to test the 
hypothesis that any association based on sample data could have resulted 
from sampling error. Both Sr Cole's (1975) and Pelz and Andrews' (1966) 
work Suffer from this weakness. In studies that measured the strength of 
the association* the impact of age was trivial* never accounting for more 
than seven percent of the variance in productivity. Although a weak as- 
sociation might result from misspec i f icat ion of the form of the relationship* 
the zero-order effect of age would almost certainly be further attenuated 
in more properly specified models that include demonstrated determinants 
of productivity (<%.g.t primary work activity^ institutional setting^ and 
research resources) which are usually correlated with age. 

Fourth, with the exception of S. Cole's (1979) study of mathematicians* 
findings are based on cross-sectional rather than longitudinal data* so 
age and generation (cohort) effects cannot be distinguished. Hence, the 
age^productivit/ associations might be spurious* wUh generational dif- 
ferences in socialization, access to resources^ and so forth, actually 
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responsible for older cohorts* lower productivity rather than their age* 
Longitudinal analyses are also necessary to test the hypothesis that the 
late-career spurt observed in some studies results from the selective 
attrition of less productive researchers* 

Fifth* most studies fail to consider the problem of measuring sci- 
entific performance* Neither of the two most common measures—recent 
article and citation counts — perfectly captures the phenomenon of interest* 
As scientists mature* they may change their publication patterns from 
articles to other forms of productivity without a decline in their overall 
contributions to their field* The validity of citations as measures of 
productivity may also va^^y over timex Since citations are a function of 
both scientists* professional visibility as well as the quantity and 
quality of their publications* age-related changes In scientists* visi- 
bility may affect their citation rates* Other measures such as the number 
of lifetime publications are patently Inappropriate unless cumulative 
models are assessed* and that exercise would be useful only under limited 
circumstances* Although space does not permit a full review of studies 
of other performance measures besides pub 1 1 cat ions » evidence shows that 
the form of the age-productlvlty curve depends on the performance criterion 
examined (Sayer and Dutton* 1977)* 

Focusing on major scientific innovations rather than simple publi- 
cation counts may come closer to theoretical expectations about deleterious 
effects of age or beneficial effects of experience^ but difficulties in 
measuring Innovations make considerable demands on researchers* 

I V . Cone I us ions 

Despite the limitations in existing research* some general conclusions 
regarding the relationship between age and productivity are possible. 
Firsts neither linear nor other monotonic models adequately described 
the age-productivity association* In none of the disciplines examined did 
productivity either increase or decrease monotonical ly with age or exper- 
ience. These results cast doubt on any simple aging effect* and it seems 
safe to conclude that aging Is not necessarily accompanied by reduced 
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producttvi ty« This ts not to say that publication may not decline at 
certain points during scientists* careers. Depending on the characteristics 
of the sample (institutional affiliation^ discipline^ etcj» various non^ 
monotonic functions ('Obsolescence'** "spurt** and "spurt^obsolescence") 
appeared to offer the best description of the 2ero*order relationship 
between age and productivity* Horeovcr, at least the 2ero*order relation- 
ships were often blmodaU with the first peak occurring about ten years 
after the Ph.D* and the second as scientists approached the end of their 
careers* These patterns are consistent with selective attrition In which 
less productive scientists are more likely to retire early or shift Into 
nonresearch positions toward the ends of their careers* 8ayer and Dutton 
(1977} suggested that market factors* generational differences* and 
selective attrition may all overlay any effects of aging* But here I fvhould 
reiterate that the magnitude of the observed effects of aging is quite 
small and would presumably be attenuated further appropriate predictors 
known to be related to age were controlled* 

As theories of scientific performance suggest* various disciplines or 
even different samples of scientists from the same discipline yield dif* 
ferent results* The failure of any single function to best describe the 
relationship for the seven fields Bayer and Dutton studied shows that 
results cannot be generalized across disciplines* Discrepancies between 
S* Co1e*s and Bayer and Button's findings for the same disciplines preclude 
generalizing across populations within the same field. 

The question of the effect of aging on performance has periodically 
occupied observers of the scientific enterprise for half a century* It 
situ lacks a definitive answer. Only multivariate studies of specific 
disciplines based On longitudinal data that allow for nonlinear effects of 
age wiji tell us whether aging £er se exercises any independent effect on 
scientists' performance. As the scientific population ages, the policy 
implications of any age* performance relationship become Increasingly 
salient* Perhaps th«se policy questions will motivate wel 1 -crafted * 
theoretically informed research. 
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CHAPTER IX 



THE FORECASTER'S ART AND THE **YOUNG INVESTIGATOR** PROBLEM: 
WHAT WE HAVE LEARNED AND WHAT WE NEED TO KNOW 



Fred E* Balderston 
University of Callfornja* Berkeley 

Michael S, McPherson 
Wi 1 ) tarns Col lege 

The ''yo^Ji^g investigator'* problem presents us with an Interesting 
case study in the application of forecasting models to a significant 
policy issue. When the Committee on Continuity in Academic Research 
Performance was called together to investigate this problem, its first 
step was to convene a workshop in forecasting specialists to help in 
determining how much was known about* the future academic demand for Ph,D,'s 
In science and engineering. The Committee's work obviously involved much 
besides the assessment of this quantitative information, Including both 
assessment of the significance for science vitality of changes in hiring 
rates and the assessment of alternative policies. But plainly* forecasts 
of future demand were central to the Connmittae's work* and indeed to the 
whole notion that a "yo^Ji^Q investigator** problem existsA^ 

This paper offers a retrospective look at the adequacy of the available 
forecasts for answering the kinds of questions the Committee needed to 
address. This brief paper Is neither a comprehensive survey of the liter- 
ature nor a fuH report of the proceedings of the Forecasting Workshop, 
Vte aim simply to convey a sense of what the collective wisdom of the fore- 
casters was able to contribute to an understanding of the "young investigator** 
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-^^The term **young investigator** problem is a convenient and increasingly 
familiar label, used for those reasons. But it may be something of a 
misnomer, since at least as analyzed by the Committee on Contfnuity* the 
relevant issue is more the decline in turnover and of new hiring In depart- 
ments than the *Vouth** of the faculty £er se (National Research Council, 
t979, chapter 3), 
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problem^ and of what the most significant limitations and uncertainties 
in presently available forecasts seem to be from the standpoint of this 
problem. 

The hypothesized causal chain which leads to anticipations of a 
"young Investigator" problem Is this: basic scientific research Is best 
conducted and ts mostly conducted In the universities; with the stablll* 
zation and then potential decline of higher education enrollments^ 
universities will be able to hire young doctorates as new faculty only 
as existing faculty resign, die, or retire, and some universities may 
even have to reduce the number of faculty; tn many fields, the age 
distribution of existing faculty Is skewed to relatively young age brackets 
because of past concentrated hiring In the I950's and I960's, thus the 
replacement rate will be low; thus, the universities can hire very few 
young doctorates In most fields In the foreseeable future* unless such 
hiring can be justified by needs, and financing, other than that based on 
enrollment; the capacity to continue hiring new faculty Is crucial to the 
creative work of science and engineering departments In universities, 
partly because of the strong research commitments, fresh training* and 
possibly the unique creativity of younger faculty, and partly because 
university departments need "a continuing flow of new blood" to stay 
current* Innovative* and flexible. Therefore, the causal chain Implies 
that In the absence of some special Intervention, the vitality of basic 
scientific research will suffer In many fields because of the lack of 
participation by young doctorates. 

The oncoming supply of new young doctorates ts projected to be much 
larger In most fields than the academic hiring demand* most clearly for 
the next four of five years during which graduate students already enrolled 
will be in the pipeline. Students now deci'ding whether to embark on 
graduate study In the sciences, however, may welt decide In favor of more 
attractive career alternatives; In physics^ mathematics, and some other 
fields, number's have already fallen in response to pessimistic career 
expectations, but at least as worrisome as the question of numbers, for 
the future^ Is the question whether the sciences will receive a high share 
of the most gifted students. On the supply side, then* the hypothesized 
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causal chain is that short-term supply of young doctorates will be more 
than ample in relation to jobs in academic science^ but for the longer 
term^ there may be cause for concern about future quality of new doctorates^ 
if not quantity* Also^ If the universities cannot compete in salaries 
and professional opportunities^ they wi 1 1 ^ in future^ fail to attract a 
high share of the outstanding young doctorates. So much for the supply 
side* 

To what extent was the available forecasting literature able to 
verify this chain of hypotheses on both the supply side and the demand 
side of the question? What gaps and inadequacies in our projection methods 
and results were revealed when that literature was examined? 

I • The Basic Forces at Work 

It has to be said Immediately that the forecasters^ both In writing 
and In person at the Workshop* displayed a surprising amount of agreement 
about the baslc^forces at work in shaping the academic demand for science 
and engineering Ph*D*'s^ and even about the quantitative importance of 
those forces* In the manpower area and In other areas of forecasting, 
much is made of disagreements among projections^ and it is natural that 
these disagreements should be the center of thought and attention* This 
phenomenon can easily* however^ lead to the wrong impression that our 
disagreement is total and that we know nothing about the future* This is 
far from the case* 

Thus^ in projecting the academic demand for science and engineering 
Ph*D*'St the demographic facts pertaining to both students and faculty are 
of paramount importance* and they are crystal clear* The college-age pop- 
ulation has moved from an era of rapid growth in the I960*s to somewhat 
slower growth In the I970*s to a sharp decline in the l980*s--a decline which 
will ultimately reach 25 percent by the early I990*s* Even allowing for 
possible rises in rates of college attendance in the traditional age groups 
and Increasing enrollment of nontradtttonal groups* few observers expect 
that enrollment trends will support more than at best a very modest growth 
in total faculty size over the next !5 years* Thus» hiring of new faculty 
to accooimodate growth in the total higher education system, which has been 
the most important source of hiring for the last two decades^ is likely to 
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be close to nonexistent for the next 15 years* At the same time, 
rates of hi ring of new faculty to replace those who ret i re or die wi 1 1 be 
low, because the very rapid growth of faculties in the ]960's implies 
that many presently tenured faculty are relatively young. This fact Is 
brought out in Figure 9*1, which compares the actual age distribution of 
science and engineering faculty to a "steady-state" age distribution which 
would result if faculty hiring rates did not fluctuate over time. 

The combination of faculty and student demographics implies both low 
"replacement" demand and low "growth** demand for new faculty. A sketch 
of the quantitative implications of these developments, drawn from data 
in Kuh and Radner*s paper in this volume (chapter in), is shown in 
Figure 9.2. Other studies may differ in the exact magnitude of the pro- 
jected decline in faculty openings, but most informed observers-^includlng 
all of the participants at the Workshop--expect such a decline. 

This broad agreement on the direction of change is not enough to settle 
the key questions about the **young investigator*' problem, however, for two 
quite different kinds of reasons* First, even if we knew all we wanted 
to know* in full detail, about the future course of academic hiring (and 
plainly we don*t)t we would not, from those data atone, know whether 
those rates of hiring were **good*^ or "bad" for American science. How 
important Is it to have young scientists, or to have an influx of "new 
blood" into academic science departments? How important is It to research 
vitality that young scientists work in universities, rather than industry 
or government — or that young university scientists hold faculty positions, 
rather than **soft money" research positions of one sort or another? These 
difficult questions were central in the report of the Committee on Continuity, 
and the bearing of sociological research on some of them is discussed in 
Barbara Reskin*s paper in this volume (chapter VIM). These questions, 
however* reach beyond the forecaster *s art, and beyond the scope of this 
paper* 

The second set of considerations is much more relevant to forecasting* 
For knowing broadly that the basic forces at work in faculty labor markets 
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ACTUAL AND STEADY-STATE AGE DISTRtBUTIONS, FUU-TtHE DOCTORAL FACUtTY 
AT PH.D. -GRANTING INSTITUTIONS, 1978 




Source: National Research Counci } , 1979, P' l8 
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FIGURE 9.2 
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Source: Kuh and Radner, Reconcilable Differences? . Appendix t 
and unpublished data 
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point toward reduced demand stit) leaves open a number of questions which 
are vital for policy; 

• which scientific fields and which kinds of universities 
and colleges will be most severely affected? 

• to what extent will the responses of universities and 
other employers* and of actual and prospective faculty 
members* to worsening market conditions change the 
expected outcomes? 

e when will the expected declines in faculty hiring occur* 

and how long will they ta^^t? 
e what effect will the changing market <^ituation have on 

the quality and not merely on the numbers of new faculty? 

All of these questions — which we might label the problems of d is* 
a ggregation * behavioral response * time profile * and qual i ty ^have an 
obvious bearing on policy* None of them* in the present state of the 
forecasting art* can be answered with fuU confidence. It is* in fact* 
probably fair to say that it is less the case that forecasters di sagree 
about the answers to these questions than that they agree that they don*t 
know much* In the next section* we discuss what we don't know and why* 

t \ * Types of Uncertainty Underlying the Forecasts 

Oisaggregatio n 

Host observer' including all the Workshop members* agreed that dis- 
aggregation by field is important in assessing the seriousness of the 
"young investigator" problem and in designing any young-investigator policy* 
for the fields do differ in the likely severity and duration of decline 
in hirin9 opportunities. Further^ U is plain that disaggregated* field- 
by-field administration of any policy* once adopted and funded* is essential 
if really good effect is lo be achieved. (Related to this* but going 
beyond the realm of forecasting* is the need for much more detailed under- 
standing of the pattern of or9anization of basic science and the place of 
young doctorates in it* field by field; such understanding ought to be 
a basic long-term objective of research into the social structure of science.) 
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It is possible to obtain reasonably good (though not fully adequate) 
data on the current age distribution of doctoral faculty by relatively 
broad fields (physics* mathematics* etc*)* and from such data reasonable 
estimates of replacement demand by field can be made* Projecting changes 
in the number of faculty required for teaching Is» however* much chancier 
and less satisfactory* For some fields* the demand for teaching may be 
closely tied to the number of majors^ and projecting the future course of 
undergraduate choices of major is not much more scientific than projecting 
future hair styles* in other fields* Including mathematics* much of the 
teaching load is In service courses which are not taken mainly by majors* 
in such fields* demand may be affected by broad shifts tn choice of major 
and by changing patterns of university ''general education** requirements. 

Uncertainties about such factors put real limits on the accuracy of 
long-term forecasts of demand for faculty in specific fields* and the 
uncertainties become greater as fields are more narrowly defined* Perhaps 
surprisingly* we know more about the future demand for faculty as a whole 
than we do about the division of faculty among fields. The kind of 
short-term forecasting by specific fields required to administer a program 
like that proposed in the National Research Council (NRC* 1979) report Is* 
however^ probably more feasible^ because patterns of student choices are 
unlikely to fluctuate widely over short periods* 

More fundamental issues are raised by the problem of disaggregating 
forecasts of faculty demand at different classes of universities and 
colleges. Few observers expect the inpact of declining college-age 
population on undergraduate enrollment to be shared equally among various 
categories of colleges and universities* There seems to be a general 
view (though In our view* a doubtful one) that public Institutions will 
fare better than private* and a better grounded view that the more **ellte*' 
and prestigious Institutions in both the public and private sectors will 
do better in maintaining their enrollments than other Institutions* 

Since it is apparent that a relative handful of institutions account 
for the bulk of academic scientific research^ and since disproportionately 
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many of these institutions are in the "elt'te" category* forecasts of 
faculty demand disaggregated by class of Institution would plainly be 
desirable. Some work of this kind has been done in an ad hoc way* 
for example* by Grodzins In the present volume (chapter Vl) when he 
assumes that physics enrollments In Ph.D. -^granting institutions will 
stay roughly constant and will fall significantly elsewhere. More system- 
atic approaches to the problem will require a better analysis of the under- 
lying patterns of student choice among institution types* and of responses 
by different types of colleges and universities to changing conditions* 
So far* the quantitative literature on enrollment demand has not proved 

very helpful In this regard; the best available pieces remain speculative 
2/ 

and judgmental 

While trends In the size of the age*group population are important* 
other factors also affect aggregate enrollment demand and Its probable 
distribution by type of institution and even by undergraduate trajor. An 
increase is projected in the proportion of ethnic and racial minorities 
In the youthful population; historical ly* these minorities have had lower 
than average col lege-^goi ng rates* as have children of low-income families* 
Further* the sciences and engineering face special problems in this marked 
environment both to attract minorities and to attract more women students* 
traditionally a low enrollment component. 

Differences in enrollment trends by geographical region are likely 
to favor the Southeast* the Southwest* and the Far West* Private higher 
education Is relatively concentrated in those regions which are likely to 
experience greater enrollment declines. The prominent research univer-^ 
sitjes are quite heavily represented in the Midwest and the Northeast. 
These institutions will have to compete very vigorously for enrollment if 
they are to fare well in maintaining faculty positions. Very few Inst!* 
tutions are immune to changes in the depressant pressures on undergraduate 
enrollment In their own region. 



2/ 

— For a useful informal discussion* see Carnegie Foundation for the 
Advancement of Teaching* 1975* For a review of the literature* see 
Mcpherson* 1978. 
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Behavioral Responses 

Institutions and individuals are likely to respond to the decnntn9 
academic demand for Ph.D*'s in ways that make more academic positions 
available, thus partially offsettin9 the decline in demand. This can 
happen in many ways: relatively lower academic salaries and perhaps 
poorer working conditions will cause some tenured people to leave 
academic careers in search of greener pastures. (The availability of 
nonacademic jobs will obviously vary across fields* A general worry 
Is that, jn any particular field, professors who are more 'Wrketable'^ 
may also be more lively and Interesting; academic science may tend 
differentially to lose its more valuable people*) Universities, finding 
professors cheaper, may employ more of them per student. (Risin9 costs 
for energy and other Items and the strenuous competition for students 
will, however. Introduce a counterpressure on university budgets*) To 
keep costs down and to keep up a steady flow of young faculty, more uni* 
verslties may adopt a kind of ^'revolving door policy" for assistant 
professors by makin9 very few promotions to tenure* (Conceivably, this 
could "solve'^ the "young investigator" problem only to produce damage to 
the morale of young faculty and rapid aging in the tenured ranks.) Finally 
universities might replace non'Ph*D.'s on their faculties with Ph*D.'s 
as Ph*D.^s become cheaper* (There is not much room for this at Ph*D*- 
granting institutions.) 

There Is not much doubt that these behavioral responses are real; the 
important question is how big and how fast they are, and to what degree 
they may be offset by other forces. These are essentially empirical 
questions, but they are extraordinarily hard to answer* The relevant 
elasticity coefficients have to be teased out of historical data In which 
everything varies simultaneously; Richard Freeman's paper in this volume 
(chapter V) shows both the subtlety and imagination of some economists^ 
attempts to measure these effects, and the difficulty of 9etting fully 
convincing specifications and reliable results* Further, it is particular! 
dangerous to apply coefficients efMmated from the recent past of American 
higher education to its future* The environment of higher education in the 



1980's will be so different from that of the I960*s that one suspects 
that many behavioral coefficients and other features of the structure of 
models of higher education will change importantly in ways that are hard 
to predicts One simple example: when engineering enroUments fell In 
the early 1970*$, more than one university felt able to maintain the 
size of Its engineering staff both because It anticipated an eventual 
rebound of enrollments and because the university as a whole was reasonably 
prosperous. It would be foellsh to expect similar "slack" In the ratio of 
faculty to students when enrollment drops are more widespread at a uni* 
versity and when budget stringencies are greater. 

The obvious point that emerges from this Is the importance of being 
clear about assumptions In doing forecasts^ and the Importance of analyzing 
the sensitivity of the results to changes in the assumptions.-^ 

Quality 

Host observers expect the anticipated decline in demand for new faculty 
in many science and engineering fields will lead to further declines in 
relative faculty salaries^ and to increased competition for the jobs that 
are available. The further worry is that this unfavorable labor market 
may disproportionately discourage the more able potential scientists from 
pursuing academic careers. A decline in the quality of scientific personnel 
might damage severely the effectiveness of both the teaching and research 
efforts of colleges and universities. 

In fact^ one already hears quite a bit of sp(*culation around universi* 
ties that this phenomenon can already be detected in some flelds*-both in 
the career choices of the best undergraduates and in the quality of graduate 
students and candidates for faculty positions. But this question has re- 
ceived almost no systematic study. 

Theoretically^ a decline in the number of faculty job openings could 
result in either a rise or a decline in the average "quality" of those hired 



— Allan Cartter (1976) remains an outstanding example of such work. 

-^Studies by the American Association of University Professors and 
others Indicate that real faculty salaries have already fallen on the order 
of 25 percent in the 1970's. 
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(granting some measure of quality)* For, while the total pool of candidates 
is likely to shrink tf job openings are fewer, the number selected from 
the pool will shrink as ^velK The key question is the re lat t ve responsive- 
ness of more and less able potential faculty to a perceived decline in 
job opportunities* And this can be argued either way: perhaps the more 
able candidates will also prove more "dedicated" and more confident of 
ultimate success, and hence will continue to pursue academic careers; or, 
perhaps the more able candidates also have the best nonacademic alternatives, 
and so will disproportionately withdraw from the academic labor market. 
Which effect will dominate >s an empirical question that cannot be 
settled £ prior i * 

There seems to be no good reason why this question of relative re- 
sponsiveness of students of differing abilities to changing conditions in 
the academic labor market could not, in fact, be studied empirically. 
This might be done in at least two ways > One approach is to relate changes 
in the pattern of career choice among some well-defined group of high- 
quality undergraduates (e*g*, members of Phi Beta Kappa or high-ranking 
graduates of prestigious colleges) to changes over time in salaries and 
job opportunities among professions* Another approach (probably less 
effective in isolating specifically the effect of changing job opportun- 
ities on career choice of the more able) is to examine variation over 
time in the "quality" (as measured say by Graduate Record Examination 

scores) of entering classes of graduate students in various fields of 
5/ 

science*— Given the vital importance cormionly attached to high-quality 
personnel in the performance of science, studies of this kind seem well 
worth undertaking* 

T iming 

The expected downturn in academic demand for scientists is pretty 
clearly a temporary phenomenon--! i kel y to ease at least by the \S%*St when 
enrollments and retirement rates are expected to have begun increasing again* 
But exactly when, over the next 20 years, the downturn will be deepest is 
less clear* It is often not appreciated, for example* that there is actually 



— Basic data of this sort have been published for chemistry > See 
Chemical and Engineering News, December 17, 1979* p*l7* 
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a "double dip" in the size of the 18 to 21-year-old population: there is 
a large and abrupt drop in the early 1990*s which rnakes the late 1980 's dip 
look relatively modest by compartsonp 

One key factor affecting the timing Is the relative Importance that 
should be attached to» on the one hand* low retirement rates and» on :he 
other hand* to declining enrollments* in forecasting faculty demand. 
Retirment rates are at their lowest in most fields in the early to mid- 
Vd8d ^s and rise gradually thereafter; the serious declines in college-age 
population do not occur until the late l980's and early I S gO ' s - (s ee 
Figure 9.2)* Thus* the "shortage" of openings produced by retirements 
is a relatively near-term phenomenon and relatively clear-cut; the effect 
of demographic declines* though potentially more severe* is further 
away and — especially for research universities which may be better 
positioned to avoid enrollment cuts — more speculative. 

The Uncertainties surrounding the time pattern of variations in 
faculty demand have implications both for projection methodology and for 
policy* Regarding projection methodology* there is the question (pressed 
hard at the Forecasting Workshop by Gus Haggstrom) whether to report a 
full series of annual projections (as Radner and Kuh do) perhaps imparting 
a sense of spurious accuracy to projections of yearly fluctuations; or* 
whether it is better to report only results for selected years (as the 
NSF projections do). The disadvantages of the latter approach are* first* 
that it suppresses what may be useful information about the overall **shape" 
of the time pattern* and* second* that picking out a single year may mis^ 
represent even average experience over a period of years when there are 
significant annual fluctuations* On balance* it seems best to produce 
and report annual projections* with large and prcmiinent warnings that 
taking annual fluctuations too seriously may be hazardous to the readers* 
heal th. 

On the policy side» uncertainties In the long-term time paths of 
hiring variations pretty clearly imply that any policy aimed to counteract 
adverse effects of these fluctuations must be flexible enough to allow for 
readjustment of conditions which diverge substantially from those expected^ 
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and further* that any such policy should be designed to terminate when 
adverse conditions have ended. It is probably atso true^ as David 
Breneman argued at the Workshop^ that — technical questions astde'^tt is 
politicalty unrealistic to rely on a program which requires for its 
effectiveness highly sophisticated calibrations of Its funding levels to 
annual fluctuations in forecasted market conditions. The Junior Scholars 
Program was originally presented by Radner and Kuh in a way that implied 
such sensitive calibration was essential. 

IV. Conclusion 

This review of the problems of forecasting may be summed up with the 
observation that there is a strong qualitative finding as to the future 
direction of hiring and retention of young scientists in academic positions: 
without some policy intervention^ the number of those hired each year into 
meaningful academic posts during most of the next decade or more will be 
well below the recent hiring rates* and well below the numbers of new 
doctorates seeking regular positions in academic science. 

The size of the young scientist problem in the aggregate and for each 
scientific field is* however^ a resultant of many factors in combination. 
There is a sizeable zone of uncertainty surrounding hiring demand projections 
In addition* the timing of changes in the numbers of places available 
annually ts subject to uncertainties. Further intensive study of the 
determinants of both demand and supply is very much needed* and such 
study should In time enable policy makers to design more precisely targeted 
and closely timed interventions than can now be designed with full confidence 

At the same time^ the forecasting efforts that have been undertaken are 
quite sufficient as a qualitative basic for policy interventions. The 
forecasts currently available do give us a view of the future: but each 
projection should be regarded as a statement that is conditional upon the 
realization of a configuration of assumptions and estimated parameter values. 

Because the b^^sic direction of change is quite clearly evident from the 
studies now available* we conclude that policy interventions are indeed 
warranted. At the same time* the conditional character of the available 
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forecasts makes it necessary to design these policy interventions so that 
they will not depend too exactly on the accuracy of forecasts. In addition^ 
the need for further insight and evidence is clear^ and it will be worth- 
while to invest tn continuing research and analysis of this problem^ as 
well as careful monitoring of the results of those new programs that are 
adopted. 

The uncertainties buttress the argument for stage-by-stage programming 
of interventions to determine when to change the magnitude and composition 
of these programS4 This.approach should take adequate advantage of the 
knowledge gained from forecasting and further analytical investigation of 
the problem^ and it should reduce what otherwise might be large overshoots 
or shortfalls in the policy interventions that are adopted. 
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NATIONAL RESEARCH COUNCIL 

COMMISSION ON HUMAN RESOURCES 

Iin ContlilMton AvtniH Wlthtnilon. D C IMii 



COMMITTEE ON FUTURE DEMAND FOR VOUMG INVESTIGATORS 
IN SCIENCE AND ENGINEERING 

WORKSHOP OF SPECIALISTS IN FORECASTS OF DEMAND 
FOR SCIENTISTS AND ENGINEERS 

APRIL 30 - MAY 1, 1979 

Joseph Henry Building, Room 200A 
21st and Pennsylvania Avenue* N.W. 
Washington, D,C, 

Chairman: Frederick E. Balderston 



TENTATIVE AGENDA 
April 30. 9:00 a.m, - 12:30 p.m. 

Papers to be reviewed: Ph.D. Manpower; Employment Demand and Supply 

1972-1985. Bureau of Labor Statistics. 1975 

Oversupply of Ph.D.'s to Continue Through 1985 . 
Bureau of Labor Statistics. 1978 

The Overeducated American and other studies, 
Richard Freeman 

Reviewers: Neal Rosenthal. David W. Breneman 

Discussants: Robert McGlnnls. Roy Radner 

April 30. 1:30 p.m. - 5:00 p.m. 

Papers to be reviewed: Personnel Needs and Training for Bicmedical and 

Behavioral Research . National Research Council 

Supply and Demand for Biomedical Manpower: 1977 
Surve_y. Preliminary Report . Westat, Inc. 

Supply and Demand for Physicists . Lee Grodzins 

Reviewers: Allen Singer. William Morsch. Lee Grodzins 

Discussants: Stephen P. Dresch 
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Hay 1, 9:00 a.m. - 12:30 p.m. 

Papers to be reviewed: Projections of the Supply and Utilization of 

Science and Engineering Doctorates. 1982 and 
1987j_ National Science Foundation 

Preserving a lost Generation: PoHcies to Assure 
a Steady Flow of Young Scholars Until the Year 
2D00 . Carnegie Council of Policy Studies In Higher 
Education 

Projections of Educational Statistics to 1985- 
1986, National Center for Education Statistics 

Reviewers: Charles Falk, Charlotte Kuh, Rolf Uulfsberg 

Discussants: Joseph Froonkin. Richard D. Anderson 

May 1, 1:30 p.m. - 4:00 p.m. 

Sunmary of Workshop Proceedings - by Frederick E. Balderston, Chairman 
General Discussion 
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